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General abstract 
Despite the fact that dryland savanna ecosystems provide a host of essential ecosystem 
goods and services to both humans and livestock, they are often confronted with 
dangerously vacillating levels of locally available natural resources to support rural 
livelihood strategies in the face of increasing anthropological influences and global 
climate change impacts. This points to the vital roles which the socio-cultural and bio-
physical environment sub-systems play to ensure the stability of the complex socio-
ecological system (SES). Several attempts have been made in the past to focus more on 
scientifically-based means of investigation than including contributions of the local 
resource users to better understand and harness SES. Notwithstanding, local ecological 
knowledge (LEK), which is an effective, investigative tool for understanding interactions 
between the ecological and social sub-systems of complex SES, has recently received 
increasing attention in studies on the effects of climate and land use changes on the 
availability and utilization of natural resources in communal rangelands. Surprisingly, little 
is still known when it comes to LEK of forage resources, particularly in the West African 
Sudanian Savannas. 
The overarching goal of this study was to investigate local agro-pastoralists’ knowledge 
on forage resources used by cattle, goats and sheep and how they adapt their rangeland 
management strategies to vegetation dynamics. I hypothesized that LEK can potentially 
provide insight into reasons how and why forage resources are overexploited, and into 
management strategies to conserve or restore them. The study encapsulates three major 
empirical components: (i) LEK distributional patterns in forage resources utilization 
(Chapter 4), (ii) local valuation criteria for forage resources (Chapter 5), and (iii) local 
perceptions on forage species diversity, abundance trends, habitats distribution and 
ecological drivers to forage species changing trends over the past few years via the 
‘lenses’ of local agro-pastoralists (Chapter 6). Using a stratified random sampling 
approach, I sampled sixteen villages across three dominant socio-linguistic groups and a 
steep climatic aridity gradient in both Ghana (seven villages) and Burkina Faso (nine 
villages) to address the aforementioned empirical components of the study. Although 
individual ethnobotanical interviews were chosen over focused or group discussions to 
extract the bulk of independent primary ethnobotanical data from local agro-pastoralists, 
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I also complemented the data collection process with personal observations and 
ethnobotanical walks for purposes of triangulation.  
For the distributional patterns of LEK on forage resources utilization among local agro-
pastoralists, this thesis examines socio-cultural and environmental variables which 
specifically affect various components of LEK dynamics (be it LEK on herbaceous, woody 
and crop-related forage plants), reflecting their capacity to recollect and list vernacular 
names of forage species. This section also looks at the local climatic variability 
implications for LEK accumulation on forage plants (Chapter 4). Furthermore, this study 
addresses the aspect of local valuation criteria for forage resources by agro-pastoralists. 
Here, I elicited LEK on forage resources by asking them to cite and rank specific forage 
species mostly considered to be palatable for various domestic livestock and at different 
seasons. I also asked agro-pastoralists’ to provide underlying reasons for their rankings 
to gather more information on explicit valuation criteria for available forage resources. 
This anthropological dataset was matched with ecological information obtained from 
rangeland vegetation sampling using 20m x 50m per plot for the woody vegetation at 
different topographic positions (Chapter 5). Regarding local perceptions on forage 
species diversity, abundance trends, habitat distributions and ecological drivers, local 
agro-pastoralists were interviewed to specifically answer questions relating to above-
stated ecological variables (Chapter 6).  
To disentangle the effects of socio-cultural and environmental variables on LEK 
accumulation and local explicit valuation criteria, I employed various statistical 
approaches such as exploratory data analyses with IBM SPSS v. 22 as well as 
generalized linear mixed-effects models (GLMM) with rigorous model selection 
procedures using the Akaike Information Criterion (AIC) with R software (Chapters 4 & 
5). I also used non-metric multi-dimensional scaling (nMDS) to visualize similarities or 
dissimilarities of LEK distributional patterns as well as a two-way non-parametric 
permutational multivariate analysis of variance (PERMANOVA) using PC-ORD v.5 for 
purposes of triangulation (Chapter 4). Also, I used ANTHROPAC 1.0 software to calculate 
cognitive salience index (CSI) of both anthropological and ecological datasets. In Chapter 
6, the forage species diversity metrics were estimated and other ecological variables done 
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using descriptive statistics, bivariate correlation analysis and also performed CSI 
calculations. 
The results of this study reveal that those who resided in villages with moist environmental 
conditions seem to generally exhibit superior LEK on forage resources in terms of citation 
of many forage species than those who situate in dry rural communities. This evidence 
also is true for the ability of local agro-pastoralists to provide various underlying reasons 
for ranking of cited forage species. It was also evident that local agro-pastoralists 
possessed extensive knowledge and understanding of the habitat distribution, abundance 
trends and effects of predominant ecological drivers in the study region. The findings of 
this study, therefore, contribute to the on-going scholarly debates on how LEK-oriented 
research is crucially important, and the need to incorporate it into the scientific approach 
to enhance the functional understanding of ethno-ecologically useful natural resources 
for sustainable development and livelihood improvement.  
Key words: Agro-pastoralists; Burkina Faso; Dryland rangelands; Forage resources; 
Ghana; Local ecological knowledge; Social-ecological systems; Valuation criteria. 
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Zusammenfasung 
Die Savannen-Ökosysteme Afrikas liefern wichtige Ökosystemdienstleistungen für 
Mensch und Tier. Vor dem Hintergrund der zunehmenden anthropogenen Überformung 
und des Klimawandels werden die entsprechenden natürlichen Ressourcen jedoch 
knapper, was die lokalen Überlebensstrategien der Menschen nachhaltig beeinflusst. Die 
sozio-kulturellen und biologisch-physischen Subsysteme der Umwelt, die eine wichtige 
Rolle im sozio-ökologischen System (SES) spielen, werden deshalb immer bedeutender. 
In der Vergangenheit wurden verschiedene Versuche unternommen, das System der 
Ökosystemdienstleistungen besser zu verstehen und nutzen zu können. Jedoch lag der 
Fokus dieser Analysen vor allem auf wissenschaftlich begründeten (externen) 
Untersuchungs- und Bewertungsmethoden, während lokale Praktiken und Erfahrungen 
der Nutzer der Systemdienstleistungen kaum einbezogen wurden. 
Ungeachtet dessen hat das Interesse an lokalem ökologischem Wissen (Local Ecological 
Knowledge, LEK) und dessen Erforschung in jüngster Zeit deutlich zugenommen. Nicht 
zuletzt ermöglicht der LEK-Ansatz ein umfassenderes Verständnis der Prozesse 
zwischen ökologischen und sozialen Subsystemen, etwa bei der Analyse der Auswir-
kungen von Klimawandel und Landnutzungsveränderungen auf die Verfügbarkeit und 
Nutzbarkeit der natürlichen Ressourcen von Weideland. Von besonderem Interesse sind 
dabei die Savannengebiete der Sudanzone West-Afrikas. Überraschenderweise ist dort 
bisher allerdings erst sehr wenig Forschung über LEK im Bereich der Nahrungs-
mittelressourcen betrieben worden. 
Das Hauptziel dieser Arbeit liegt in der Analyse des lokal verfügbaren Wissens von 
Viehhaltern über die natürlichen Ressourcen der Weideländer, die für Rinder, Ziegen und 
Schafe genutzt werden. Darüber hinaus sind die Anpassungsstrategien in der Weidewirt-
schaft in Bezug auf die Vegetationsdynamik von besonderem Interesse. Der Studie liegt 
die Hypothese zugrunde, dass LEK einen wichtigen Beitrag zur Erforschung der Gründe 
und des Ausmaßes der Überbeanspruchung von Weideland leisten kann und darüber 
hinaus wertvolle Ansätze zum Aufbau von nachhaltigen Ansätzen der Weidebewirt-
schaftung liefert.  
Die Studie setzt sich aus drei empirischen Komponenten zusammen: 1. Analyse der 
Verbreitung und Anwendung von LEK bei der Nutzung von Weidelandressourcen (Kapitel 
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4), 2. Analyse lokaler Bewertungskriterien von Weidelandressourcen (Kapitel 5) und 3. 
Analyse der lokalen Wahrnehmung von Artenvielfalt, -reichtum und -verbreitung sowie 
der ökologischen Faktoren der Veränderungsprozesse aus Sicht von Weidelandnutzern 
(Kapitel 6).  
Für die Analysen wurden 16 Dörfer mittels geschichteter Stichproben als Untersuchungs-
gebiete ausgewählt. Diese erstrecken sich entlang der Verbreitungsräume von drei 
größeren sozio-linguistischen Gruppen sowie eines abnehmenden Ariditätsgradienten in 
Ghana (sieben Dörfer) und Burkina Faso (neun Dörfer). Für die Erhebungen wurden 
individuelle enthnobotanische Interviews gewählt, um eine große Fülle an ethno-
botanischen Primärdaten von lokalen Viehhaltern erfassen zu können. Diese wurden 
durch persönliche Beobachtungen sowie ethnobotanische Begehungen ergänzt, um die 
gewonnen Daten triangulieren zu können. Im Rahmen dieser Dissertation wurden sowohl 
sozio-kulturelle als auch ökologische Variablen erhoben, um die verschiedenen Effekte 
der Komponenten auf die LEK-Dynamik im räumlichen Kontext erfassen zu können. LEK 
wird im Hinblick auf Kräuter sowie Holz- und Erntepflanzen untersucht – dabei wurden 
vor allem die Fähigkeiten der Menschen erhoben, einheimische Pflanzen zu lokalisieren 
und zu benennen. Dieser Teil der Studie untersucht auch die Implikationen der lokalen 
klimatischen Variabilität  auf die LEK-Akkumulation in Bezug auf Weidelandpflanzen 
(Kapitel 4). Darüber hinaus betrachtet die Dissertation die lokalen Bewertungskriterien für 
Weidelandressourcen von Viehhirten. Hierfür wurde das vorhandene LEK überprüft, 
indem die Befragten verschiedene Pflanzenarten benennen, in eine Rangfolge bringen 
und nach ihrer Nutzbarkeit zur Tierernährung bewerten sollten. Zudem wurde jeweils 
nach einer Begründung für die Bewertung gefragt, um mehr Informationen über die ent-
sprechenden Kriterien sammeln zu können. Dieser ethnologische Datensatz wurde auf 
Übereinstimmung mit ökologischen Faktoren untersucht. Als Grundlage hierfür wurde die 
Vegetationszusammensetzung für Plots von 20m x 50m in unterschiedlichen 
topographischen Positionen erfasst (Kapitel 5). Zudem wurden Viehhirten zu ihrer 
Wahrnehmungen von Diversität und Verbreitung von Weidelandpflanzen sowie den 
zugrunde liegenden ökologischen Einflussfaktoren befragt (Kapitel 6). 
Um die sozio-kulturellen und ökologischen Effekte des LEK sowie lokale Bewertungs-
kriterien zu bestimmen, wurden mithilfe von IBM SPSS v. 22 statistische Berechnungen 
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durchgeführt. Mit R konnten „Generalized Linear Mixed-Effects Models“ (GLMM) mit  
diskreten Modellauswahlprozeduren auf der Basis des Akaike Information Criterion (AIC) 
berechnet werden (Kapitel 4 und 5). Für die Visualisierung von Ähnlichkeiten und 
Unterschieden des LEK wurde eine nicht-metrische multi-dimensionale Skalierung 
(nMDS) sowie eine nicht-parametrische multivariate Analyse (PERMANOVA) mithilfe von 
PC-ORD v.5 durchgeführt. Mithilfe von ANTHROPAC 1.0 wurde der „Cognitive Salience 
Index“ (CSI) der ethnologischen und ökologischen Daten berechnet. In Kapitel 6 werden 
Messwerte für die Diversität der Weidepflanzen abgeschätzt und weitere ökologische 
Variablen mittels deskriptiver Statistiken, bivariater Korrelationsanalysen und CSI-
Berechnungen ermittelt. 
Die Ergebnisse der Studie zeigen, dass Viehhalter in Dörfern mit feuchteren Umwelt-
bedingungen über mehr Wissen in Bezug auf die Benennung von Pflanzennamen 
verfügen als dies bei Hirten in trockeneren Gebieten der Fall ist. Dieser Unterschied wird 
bei der Fähigkeit der Viehhirten bestätigt, eine Begründung für ihre Bewertungskriterien 
von Nutzpflanzen benennen zu können. Ebenfalls ist evident, dass Viehhirten ein stark 
ausgeprägtes Wissen über lokal vorkommende Pflanzenarten und ihre Verbreitung 
haben. Zudem können sie Entwicklungen von Verbreitung und Vorkommen abschätzen 
sowie ökologische Faktoren hierfür benennen. 
Die Ergebnisse dieser Studie leisten einen Beitrag zur fortlaufenden wissenschaftlichen 
Debatte um LEK-basierte Forschung. Sie bestätigen zudem die hohe Relevanz 
entsprechender Untersuchungen und Notwendigkeit, diese in zukünftige Ansätze zur 
Nachhaltigkeitsforschung einzubinden. 
Schlusselwörter: Viehhalter; Burkina Faso; Ghana; Trockengebiete; Nahrungsmittel-
ressourcen; Lokales ökologisches Wissen; Sozio-Ökologische Systeme; Bewertungs-
kriterien. 
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1 General introduction 
The scientific body of literature abounds with evidences that future projections and 
scenarios of global climatic conditions point to increasing incidences of drought spells, 
overgrazing, severe temperatures and land degradation particularly in global drylands 
(IPCC 2007, Reynolds et al. 2007, Maestre et al. 2012, IPCC 2013), and such changes 
are unbeneficial (IPCC 2013). Drylands (see Section 2.1 for a detailed overview) are also 
well known to cover the majority of the world's poorest of the poor, including Sub-Saharan 
Africa, where people largely engage in rain-fed agriculture as their main source of 
employment, food and income (SWAC/OECD 2008). The general notion that drylands 
are of little value does not reflect the reality (Maestre et al. 2012). This is because, 
drylands are believed to provide a wide range of ecosystem goods and services for 
humans’ well-being in many parts of the world (MEA 2005, Maestre et al. 2012, Rinawati 
et al. 2013).  
It is also argued that the livelihood security of the majority of people inhabiting these 
dryland ecosystems is largely dependent upon the provision of ecosystem services from 
local vegetation (Martin et al. 2016). For instance, forage services (Duru et al. 2015) serve 
as the most important provisioning ecosystem services in tropical savannas (Safriel and 
Adeel 2005). The delivery of these forage services from dryland rangelands is mainly 
dependent on rangelands’ floristic composition (Anderson et al. 2007, Linstädter and 
Baumann 2013), but modulated by other drivers such as recent precipitation (Wiegand et 
al. 2004, Ruppert et al. 2012). The floristic composition itself is driven by various abiotic 
and biotic factors, with climatic aridity being among the most prominent one on a regional 
scale (Linstädter et al. 2014). Hence, climate is a critical factor for the delivery of forage 
services, and climate change may exert a strong influence on them (Ferner et al. 2015). 
In typical West African settings, continued forage availability for livestock production is 
highly crucial since about 45 percent of rural households (mostly practicing agro-
pastoralism) heavily rely upon sources of livestock-related income (Mertz et al. 2010). 
Notwithstanding, the majority of the local agro-pastoralists in this region, as in other 
drylands of the globe, are often confronted with a multiplicity of other challenges such as 
pests and diseases, scarcity of water and limited forage resources, high poverty levels, 
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increasing human population growth, land use pressure coupled with the negative 
impacts of global environmental change over the past decades (SWAC/OECD 2008). In 
spite of these daunting challenges usually faced by local farmers in such dry 
environments, they have been able to cope and adapt to the rapidly changing climatic 
conditions in their local vicinities for several year (Mortimore and Adams 2001). 
Fortunately, negative effects of climate change on forage service delivery – and thus on 
local livelihoods – may be partly mitigated by an adaptive rangeland management (Martin 
et al. 2014). For example, management decisions can be attuned to the vulnerability of 
forage plants, creating rest periods in times when forage plants are particularly sensitive 
to grazing (Buttolph and Coppock 2004, Müller et al. 2015). To be able to do this, local 
agro-pastoralists have to draw upon their accumulated local wisdom from many 
generations to sustainably managing these limited natural forage resources for their 
livestock and their own survival. These considerations underline the fact that land users’ 
local ecological knowledge (hereafter also LEK) on forage plants is of critical importance 
for an adaptive rangeland management (Müller et al. 2007, Linstädter et al. 2013).  
A plethora of literature shows that LEK has received growing levels of international 
recognition in studies on the effects of climate and land use changes, species richness 
and vegetation composition in communal rangelands (Berkes et al. 2000, Steele and 
Shackleton 2010). However, these studies mostly focused on mobility decisions 
(Adriansen 2008, McAllister 2010), and/or on other aspects of agro-pastoral systems, 
such as degradation patterns or drought management (Homann et al. 2008, Ifejika 
Speranza et al. 2010, Kgosikoma et al. 2012, Oba 2012).  
LEK on forage plants is being considered as a crucially vital tool for understanding social-
ecological systems (SES; see Section 2.2 beneath for details). The few studies explicitly 
addressing the cultural domain of forage plants come from Brazil (Nunes et al. 2015), 
Ethiopia (Bahru et al. 2014), and Morocco (Linstädter et al. 2013). These studies 
underline that dryland pastoralists have indeed a rich body of forage-related LEK, and 
that it plays a key role for management decisions (Linstädter et al. 2013). To the best of 
my knowledge, investigations regarding use of LEK on forage resources within the West 
African Sudanian savannas (particularly Ghana and Burkina Faso) has been highly 
under-documented and poorly understood. Not only has this research rekindles the 
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importance of LEK investigations in the context of SES generally but also serves as a 
stepping stone for deeper understanding of how locally available forage resources are 
being sustainably used over the years by local agro-pastoralists in the study area.  
In this thesis, I do not only look at a limited dimension of LEK on forage resources but 
rather aim to explore a wide array of LEK on woody vegetation, herbaceous plants and 
crops (including crop residues) for sustainable domestic livestock production among 
small-householder agro-pastoralists inhabiting rural communities in northern Ghana and 
southern Burkina Faso.  The most commonly farmed large- and small-stock namely cattle 
(Bos taurus L.), goats (Capra hircus L.) and sheep (Ovis aries L.) are considered in this 
study (see Fig.1). The Sudanian zone of both countries is inhabited by a large number of 
small ethnic groups and thus show different socio-economic conditions and different 
forms of natural resource management within the same agro-ecological zone.  
Using stratified random sampling in my methodological approach (see Chapter 3), the 
villages of interest together with local informants, belonging to different dominant ethnic 
groups as well as gender affiliations and age categories, were meticulously chosen along 
a steep climatic gradient of increasing aridity from South to North (see Figs. 4, 9, 13). This 
was primarily done to examine and extract drivers of local agro-pastoralists’ knowledge 
accumulation, identify local valuation criteria for forage resources ranking and assess 
their knowledge perception of forage species diversity, abundance, habitat distributions 
and ecological drivers responsible for their changing trends along a delineated aridity 
gradient and variegated socio-cultural backgrounds in a typical West African settings.  
I argued that LEK accumulation, valuation criteria of forage resources and local 
perception of forage species diversity, distribution, abundance and ecological drivers are 
differentially influenced by climate-related and socio-demographic variables. This study 
also argues that local knowledge in conjunction with ecologically scientific knowledge on 
available natural forage resources is of utmost importance to sustainable rural agro-
pastoralism, contributing to the on-going debate about the vital role LEK investigations 
play for various aspects of natural resources management, especially in Ghana and 
Burkina Faso. The output of this research is geared towards shedding some new light on 
the depth of local agro-pastoralists’ LEK on the under-studied forage resources to 
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understand and harness how to effectively dialogue with local community members and 
policy-makers for sustainable rural livelihood improvement.  
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Fig. 1: Predominant domestic livestock types (I) and forage resource types (II) considered 
within typical West African Sudanian Savanna ecosystems. Note: Livestock types 
considered in this study are only limited to cattle, goats and sheep, while forage resource 
types are not limited to those displayed in the photos. 
1.1 Definition and usage of basic terminologies  
To enhance the understanding of the rich LEK on forage resources used for domestic 
livestock from the perspective of local agro-pastoralists, I define and used the following 
terminologies in this thesis document: 
x Forage resources are hereby referred to a broad  array of plant materials such as 
woody vegetation (trees and shrubs), herbaceous plants (annual- and perennial 
grasses and forbs) as well as crop plants (and/or crop residues) used to feed 
domestic livestock especially cattle, goats and sheep reared in communal 
rangeland settings. 
x Followinng Dougill et al. (2012), rangelands refer to terrestrial ecosystems which 
are constrained by environmental stressors such as droughts, fire and severe 
temperatures and mostly dominated by herbaceous and shrubby vegetation. With 
such an open savanna vegetation structure, dryland rangelands are suited for 
rearing of domestic livestock to make use of locally available forage resources. 
Here, rangelands are largely communal grazing areas which are also fallowlands.  
x Local agro-pastoralists are those peasant farmers (including their family 
members) who engage in both crop farming (food and cash crops) as well as 
livestock husbandry (large and small domestic ruminants and poultry) for survival. 
Agro-pastoralism is mostly practiced in selected villages for this study.  
x Local pastoralists are those local farmers whose household needs come from 50 
percent or more livestock or animal-related products for consumption (Niamir-
Fuller 1998). In the studied rural communities in northern Ghana and southern 
Burkina Faso, pastoralism is not strictly practiced.  
x The terms “local informants”, “local respondents”, “local experts” and “local 
farmers” are used in this study to depict local inhabitants who have in-depth 
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understanding and knowledge of forage plants available on their immediate 
environs through their own practical experiences over the years.  
x Traditional ecological knowledge (TEK) is defined as a cumulative body of 
traditional knowledge, practices, and beliefs via evolving adaptive processes which 
have been passed down from generation to generation by cultural transmission 
and the relationship of living organisms with their natural environment (Berkes et 
al. 2000).  
x Indigenous knowledge (IK) refers to the knowledge and perception of the local 
environment by indigenous people at a particular locality.  
x Social-ecological systems (SES) refers to the interplay between humans and 
their natural environment in a complex and adaptive manner. The provision of 
ecosystem services from the natural environment have been coupled with societal 
feedback in SES studies (Nassl and Löffler 2015). 
x The term “local ecological knowledge (LEK)” is defined here as the experiential 
knowledge obtained from a given group of local resource users about their local 
ecosystems. As clearly argued by Olsson and Folke (2001), LEK, which is a 
mixture of scientific and practical knowledge, site-specific as well as a belief 
system, differs from that of TEK/IK, which takes into account the ‘historical and 
cultural continuity of resource use’. 
From the above definitions, the term “local agro-pastoralist” is used often in this document 
to reflect agro-pastoralism as the commonly practiced agricultural production system by 
local people in the target communities of this study. As per the focus of this research 
study, the forage situation is considered similar for both agro-pastoralists and pastoralists, 
and so both terms are used interchangeably, although the ‘local agro-pastoralists’ is used 
more frequently in this study. Also, the terms “local informants”, “local respondents”, “local 
experts” and “local farmers” are used interchangeably especially in the methodological 
part of this study,  to depict the same group as ‘local agro-pastoralists’. Additionally, 
looking at the definitions of LEK, IK and TEK, the former is consistently used in this thesis 
throughout instead of the other related terminologies for the sake of clarity. Land users 
may not necessarily be only indigenous people but all local resource users living in such 
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localities for a considerable period of time, as also asserted by Berkes et al. (2000) and 
Huntington (2000). 
1.2 Rationale for this LEK study 
Humans and nature do co-exist for mutual benefits since time immemorial. Thus, 
recording LEK is a useful approach to understand interactions between the subsystems 
of complex SES (see Section 2.2). An integration of social science dimensions of LEK 
into scientifically-based ecological research in many disciplines for maintaining the 
sustainability of SES functioning has been suggested (Ostrom 2009, Roba and Oba 2009, 
Reed et al. 2011). This would then lead to a continued provision of ecosystem services 
for various uses (Berkes et al. 2000, Pierotti and Wildcat 2002, Thomas and Twyman 
2004). Nonetheless, its integration into science is still hampered by the lack of formalized 
and rigorous scientific methods and concepts (Da Cunha and De Albuquerque 2006). In 
the past years, there have been some promising attempts for LEK integration into 
ecological investigations (Reed et al. 2008, Wesuls and Lang 2010, Linstädter et al. 
2013). 
In analogy to the rapid loss of the genetic diversity of useful plants, cultivars or livestock 
breeds, LEK may also be rapidly lost in situations of economic and cultural change 
(Gaoue and Ticktin 2009, Koohafkan and Cruz 2011). Thus, the loss of LEK on natural 
resources and their management, including potentially adaptive strategies to changing 
climatic conditions, poses a great threat to our future ability to cope with or mitigate 
negative consequences of climate change in rangelands worldwide (Koohafkan and Cruz 
2011). It is thus surprising that the value of LEK has so far received little attention in 
studies on the effects of climate change on livelihood security (Mertz et al. 2009) as well 
as on forage resource supply and use. Although LEK studies have recently received 
increasing interest from several contemporary scientists in the face of global 
environmental change (Berkes et al. 2000, Steele and Shackleton 2010), little is still 
known about forage-related LEK in the Sudanian savannas of West Africa. The need to 
systematically extract and document supremely important information from local people’s 
LEK on the declining forage resources for sustainable livestock production is, among 
others, the compelling reason for this ethnoecological inquiry. This is particularly crucial 
because LEK (for that matter, TEK) is hardly written down and being quite difficult to 
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access (Huntington 2000). This, therefore, makes it very vulnerable and easy to be lost 
in the face of social, economic and technological changes in today’s globalized village if 
not well documented. 
1.3 Research goal and specific objectives  
The overarching goal of this study is to investigate, understand and harness agro-
pastoralists’ LEK of forage resources regarding their availability, quality and management 
strategies in West Africa’s Sudanian savannas to cope and/or mitigate negative 
consequences of climate change (e.g. increased variability in the frequency and severity 
of rainfall, and declining forage resources) on agro-pastoralists’ livelihoods. In carrying 
out this forage-related LEK research, three broad empirical objectives and associated 
hypotheses were formulated as follows: 
1. To evaluate drivers (climate-related and socio-demographic variables) influencing 
agro-pastoralists’ LEK accumulation on forage resources along a steep West 
Africa’s aridity gradient (see Chapter 4 for more details). 
2. To investigate local criteria used by local agro-pastoralists for the valuation of 
forage resources ranked for common domestic livestock types (see Chapter 5 for 
more reading). 
3. To assess local agro-pastoralists’ perceptions of forage species diversity, habitat 
distribution and ecological drivers to changing abundance trends of forage plants 
for sustainable livestock management in the West African Sudanian savannas (see 
Chapter 6 for more details). 
1.4 The organizational structure of the thesis 
The structure of this thesis entails seven major Chapters. The first Chapter covers the 
general introduction, under which the research rationale, goal and specific objectives, and 
definitions of basic terminologies are presented. To put this study in broader context, the 
second Chapter explicitly deals with a brief overview of global dryland rangelands and the 
conceptual framework of socio-ecological systems (SES). The third Chapter 
encompasses general materials and methods. This Chapter specifically looks at methods 
in rangeland vegetation ecology, ethnobotanical methods commonly used in investigating 
local knowledge and broad methodological framework of this research study. Moreover, 
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a description of the study area focusing on the environmental (climate, geology and 
pedology, vegetation, floral and faunal species) and cultural settings (socio-linguistic 
membership, local land use systems, etc.) will be provided. Still under this Chapter, I also 
explain the study and sampling designs together with personal observations and 
ethnobotanical walks for purposes of triangulation. The challenges of ethnoecological 
research encountered during fieldwork are also covered under this Chapter. The fourth 
Chapter takes a focused look at the dynamics of LEK accumulation among local 
pastoralists inhabiting along a step climatic aridity gradient. I discuss and draw 
conclusions regarding the results on the importance of ethnicity and aridity variables for 
shaping quantitative LEK distributional patterns and implications of local climate change 
for LEK of forage resources. In the fifth Chapter, I employ an in-depth quantitative 
ethnoecological approach to identify explicit local valuation criteria of forage resources 
from the perspectives of local agro-pastoralists. The sixth Chapter dovetails on local agro-
pastoralists’ perceptions of forage species diversity, abundance, habitat distribution and 
ecological drivers to their changing trends in the West Africa’s Sudanian Savanna. The 
findings of this part of the study undergo rigorous statistical analyses, and are discussed 
in line with sustainable natural resources management in the face of changing climatic 
conditions and corresponding conclusions provided. Lastly, the seventh Chapter is 
concerned with the prospects of these forage-related LEK findings and future research 
needs including conclusions and recommendations. 
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2 Conceptual framework of this study 
2.1 Global drylands: A brief overview 
Drylands constitute approximately 41.3 percent of the terrestrial landmass of our planet 
(MEA 2005). Out of over 40 percent of existing drylands worldwide (see Fig. 2), 72 percent 
lie in developing countries (CIESIN FAO & CIAT 2005) while 65 percent of the African 
continent comprise of drylands (MEA 2005). Although drylands are characterized by 
different criteria to define aridity and to create climatic boundaries of these areas, the 
United Nations Environmental Program (UNEP) classification system of climatic aridity is 
widely accepted and used (UNEP 1997). The dryland ecosystems are known to have an 
annual potential evapotranspiration greater than the annual precipitation by a minimum 
factor of 1.5 (Middelton and Thomas 1997). Thus, the aridity index (AI) for drylands is 
such that AI < 0.65, which further categorized into four classes: hyper-arid (AI < 0.65), 
arid (0.05 < AI <0.20), semi-arid (0.20 < AI <0.50) and dry sub-humid (0.50 < AI 0.65). 
Since climatic division are just imaginary, I used the AI calculated for each sampled village 
and put them into four specific groups. It is recognized in the literature that drylands are 
not in equilibrium but rather can be distinguished into four broad biomes, namely deserts, 
grasslands, shrublands and savanna, based upon the varied degree of water scarcity 
(Maestre et al. 2012). This study is concentrated chiefly on relatively water-constraint 
semi-arid climate areas in Ghana and Burkina Faso with open savanna vegetation (with 
AI for individual rural villages; see Section 4.1).  
The syndrome of drylands is mainly characterized by high variability in terms of 
precipitation and other climate factors (temperature, humidity and potential 
evapotranspiration), low soil fertility for tillage and grazing, sparse human populations, 
remoteness from markets and distant from the priorities of decision-makers (distant 
voice), making it difficult for drylands to deliver services effectively and efficiently 
(Reynolds et al. 2007). Therefore, these drylands are not only vulnerable and sensitive to 
incidences of desertification as well as social, land-use and institutional changes (MEA 
2005, Reynolds et al. 2007, Reed et al. 2012) but also climate change forecasts suggest 
that such drought-prone drylands will be confronted with hugely severe environmental 
consequences as compared to non-dry areas worldwide (IPCC 2007). Global drylands 
are also expanding under climate warming (Feng and Fu 2013). As a result of such 
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biophysical limitations of drylands, they are generally perceived to be unproductive and 
useless ecosystems from the ecological and socio-economic viewpoints, leading to an  
erroneous general impression about drylands because they are of paramount relevance 
to humans for many reasons (Maestre et al. 2012). For instance, dryland rangelands 
generally support about 50 percent of global livestock production (Allen-Diaz et al. 1996). 
They support nearly one-third of the world’s population (representing ca. 2.5 billion 
people), 90 percent of whom live in developing countries (Reynolds et al. 2007). Darkoh 
(2003) stresses that the majority of the world’s drylands is used as pastures for domestic 
livestock production. However, rural populations inhabiting such drought-prone 
ecosystems are often disadvantaged and tend to be more negatively affected by climate-
related impacts and risks are at all levels of development (Niang et al. 2014).  
 In Africa, agriculture is still the mainstay of the continent’s economy. Natural resources 
– both rain-fed crops and natural forage resources -are highly dependent on variable 
climatic conditions. At the same time, Africa’s natural resource base is under serious 
threat as a result of high population growth rates, climate and land use change (IPCC 
2007, Reynolds et al. 2007). The high degree of inter-and intra-annual rainfall variability 
in dry areas especially in the West African Sub-region with mainly semi-arid climate is not 
only attributable to declining forage quality and quantity but also seriously limits other 
ecosystem provisioning services (MEA 2005). In additional to these challenges, West 
Africa (especially Ghana and Burkina Faso) like other developing regions, has 
experienced rapid population growth in the past decades (Mertz et al. 2011). Since 
institutional arrangements elsewhere may be dysfunctional if imposed on drylands 
(Reynolds et al. 2007), it is imperative to harness the experiential knowledge from local 
agro-pastoralists who have managed to use resources for their domesticated livestock 
over many years in the midst of unpredictable precipitation regimes.  
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Fig. 2: A map of global drylands illustrating various climatic regimes using the United 
Nations Education Program (UNEP) aridity classification systems (see Figs. 4, 9 and 13 
beneath for locations of specific study sites within the broad study area). Source: MEA, 
2005. 
2.2 Social-ecological systems as conceptual framework 
This research employed the conceptual framework of the complex social-ecological 
systems (SES) to investigate how LEK on locally available forage resources for the 
commonly domesticated livestock among local agro-pastoralists in West Africa’s 
communal rangeland can be used to sustainably manage these declining natural 
resources. Scientific literature on SES theory stresses that, understanding the dynamic 
interconnections between social and ecological systems is crucial for effective 
sustainability and biological diversity conservation initiatives (Liu et al. 2007), leading to 
increased investments in SES research by various governments and foundations (MEA 
2005). SES research is rapidly advancing to not only understand the ecological and social 
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conditions but also examine their interactions and outcomes (Berkes et al. 2003, Folke et 
al. 2005, Ostrom 2009). This is particularly critical for dryland ecosystems where scarce 
forage resources face frequent incidences of overgrazing, drought spells and negative 
impacts of global environmental change.  
Although drylands are one of the most diverse ecosystems, they still have highly 
vulnerable SES dynamics (Huber-Sannwald et al. 2012). The complexity of the dynamic 
transformation in the dryland SES is exacerbated by social, land-use and institutional 
changes (Reynolds et al. 2007). According to the Inter-governmental Panel for Climate 
Change (IPCC), most drylands are prone to increased drought intensity and frequency in 
the near future as predicted in climate change simulations (IPCC 2013). The well-being 
of humans is hence becoming increasingly threatened by damage to or losses of natural 
resources (Nassl and Löffler 2015). There is therefore the need for an integrative 
approach to the socio-economic and ecological domains since social-only or ecological-
only research may lead to too narrow conclusions (Folke et al. 2005), reflecting the 
mutually beneficial human-nature interactions, whereby ecosystem service provision from 
the natural environment and societal feedback from resource users can be sustainably 
interwoven for co-adaptation. In the same vein, this ethnoecological inquiry does not only 
concentrate on the anthropological aspect but also employs vegetation ecology methods 
(in the following section) to obtain ecological data for better understanding of SES 
regarding forage resources utilization among local agro-pastoralists. However, Huber-
Sannwald et al. (2012) advocate the need to navigate between the challenges and 
opportunities of anthropogenic land degradation and sustainable livelihood improvement 
in dryland SES. This reflects the relevance of social-ecological nexus in natural forage 
resources management. As suggested by Ostrom (2009), studies on SES will not only 
advance a better understanding of relationships between the social and ecological 
dimensions but also include their interactions and outcomes. The robust capacities of the 
local agro-pastoralists to cope with the unpredictable local climatic conditions is 
demonstrated by the way they endeavor to sustainably manage the scarce forage 
resources to take care of their domestic livestock.  
The resilience thinking in SES research, which includes the three aspects of resilience, 
adaptability and transformability (Folke et al. 2010), is a pivotal concept to assess the 
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impacts of global change stressors (Ifejika Speranza et al. 2014). However, the 
assessment of SES resilience in drylands is challenging (Linstädter et al. 2016). 
Assessments of LEK-related studies in northern and southern Africa on forage plants 
livestock grazing among rural pastoral households resilience adapt to such challenges 
for livelihood security (Linstädter et al. 2013, Martin et al. 2016). However, in the West 
African Sudanian savannas, there is still poor understanding of forage-related LEK from 
the viewpoint of the local agro-pastoralists, except this study, which investigates on 
various sources of forage resources such as herbaceous, woody vegetation and crop-
related plants for livestock grazing. The main aspects of this study including the climate-
related and socio-demographic determinants of distributional patterns of forage-related 
LEK and local valuation criteria of forage resources as well as local perceptions on 
ecological variables (e.g. species diversity, abundance trends, habitat types and 
ecological drivers) have shed more light on the conceptual understanding of SES 
research. 
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3 General materials and methods 
3.1 Methods in rangeland vegetation ecology 
There are several vegetation ecology methods that are employed to conduct research in 
dryland rangelands worldwide, namely range monitoring, range assessment and range 
experiments (Baumann 2009). Although dryland rangelands generally have a stochastic 
nature of available ecosystem services and goods for humans and livestock, they can be 
‘very good objects of study’ in order to better manage them for future generations. In 
analyzing the impact of grazing on vegetation, some studies have employed ecological 
methods such as ecological modeling of ecosystem goods such as forage in Southern 
Morocco (Baumann 2009, Martin et al. 2014) and also remote sensing techniques using 
the Normalized Difference Vegetation Index (NDVI) to link vegetation dynamics to 
livestock performance (Pettorelli et al. 2005). For instance, Ferner et al (2015) recently 
used field spectroscopy to study spectral indicators of forage quality in the West African 
Sudanian savannas. Thus, investigation methods used in range science do often adopt 
an interdisciplinary approach (Baumann 2009), whereby methods of vegetation ecology 
are combined with anthropocentric methods in rangeland management. In this study, an 
inventory of forage species available in the neighboring local environments of the selected 
ethnic groups was undertaken via vegetation sampling techniques coupled with 
ethnobotanical methods commonly used in LEK studies (outlined in the following 
Chapter). This was done to match LEK on forage resources exhibited by local agro-
pastoralists with those sampled via vegetation sampling for purposes of triangulation.  
3.2 Ethnobotanical methods for investigation of LEK-related studies 
The discipline of ethnobotany is regarded as a multidisciplinary endeavor, involving 
common fields of botany, economics, anthropology, ecology, ethnopharmacology and 
linguistics (Martin 2004, Sop et al. 2012). To be able to carry out a basic documentation 
of LEK and quantitatively evaluate the use and management of plant resources (Martin 
2004), researchers should be able to employ a blend of techniques from the afore-
mentioned disciplines to perform LEK investigations in given communities. Most 
importantly, ecologists should be aware of the variety of methods available and their 
strengths and weaknesses for promoting substantive interchange between local experts 
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and outside scientists (Huntington 2000). A number of methods for documenting TEK 
(and for that matter LEK) which ecologists often derive from social sciences include semi-
directive interviews, questionnaires, analytical workshops and collaborative field work. 
These methods are not mutually exclusive but rather used to suite what researchers want 
from target rural communities (Huntington 2000). Rapid ethnobotanical appraisal (Martin 
2004) is also a means to rapidly take inventory of biological resources at sites for 
purposes of environmental impact assessment, particularly at the onset of an 
ethnobotanical study. To systematically elicit LEK on forage resources from local agro-
pastoralists across different ethnicities and climatic conditions in the studied countries, 
we mainly conducted individually-based ethnobotanical surveys via structured 
questionnaires administration (see Subsection 5.2.1 for more details). 
Local knowledge on the natural environment may greatly benefit range ecologists as it 
provides an alternative source of information to the conventional scientific understanding 
(Huntington 2000). Thus, local inhabitants perceive the vegetation to be of high demand 
for food and used as forage for livestock production (Baumann 2009). LEK is, therefore, 
a crucially important approach to understanding the interrelationship within the complex 
and dynamic functioning of SES. This study, unlike other ethnobotanical studies in the 
region, focuses on LEK of forage resources among the local agro-pastoralists in the West 
African Sudanian Savannas in order to throw more light on sustainable utilization of the 
declining natural forage resources. As part of the individually based ethnobotanical 
questionnaires administered to the local agro-pastoralists, a well-established 
ethnographic method called free listing (Borgatti 1999) was used to elicit names of forage 
plants for livestock production (see Appendix 1 with the ethnobotanical structured 
questionnaire). Based on this free list approach, other structured questions were asked 
as part of the whole ethnobotanical survey process in order to ensure proper 
documentation of answers in a logical manner (see Chapters 4, 5 & 6). 
3.3 Broad study methodological framework  
 As outlined in Section 2.2 above on SES conceptual framework, the investigation of this 
forage-related LEK among local agro-pastoralists within the West African context 
primarily link the two key social and ecological variables. The chief rationale for the 
selection of a wide-ranging study area is also to allow for a trans-national and cross-
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cultural comparison of LEK and grazing management strategies among local agro-
pastoralists living under different environmental conditions and having different ethnic and 
socio-economic backgrounds. The anthropological influences in the management of 
natural resources management (including livestock grazing) in the research region have 
been markedly noticed over the years, since humans continue to extract provisioning 
ecosystem services from the physical environment for their own survival. This then makes 
both subsystems of the SES approach to be mutually dependent on each other to be 
resilient and stable in times of social and natural disturbances of these subsystems (see 
Fig. 3). 
For the social subsystem of the SES research approach used in this study, I employed 
stratified random sampling to capture vital socio-economic or socio-demographic 
characteristics of local agro-pastoralists including their ethnic, residential, gender and 
educational backgrounds as well as their age categories considered in this research (see 
Chapters 4, 5, 6 for sampling design). Hence, socio-linguistic membership, especially 
ethnic groups, can influence the manner in which the available forage resources are 
utilized, and thus this study intends to explore such potential influences on agro-
pastoralists’ LEK accumulation (Chapter 4), valuation criteria (Chapter 5) and their 
knowledge and perception of ecological variables such as forage diversity, habitat 
distribution abundance trends and multiple drivers in the target rural communities 
(Chapter 6). In choosing three dominant ethnic groups (Dagbani, Gurunsi and Mossi) in 
the different rural communities with varied aridity conditions, I assumed that the collective 
experience of a more pronounced climatic aridity along the climate gradient would 
influence LEK in a consistent way. Historically, these three dominant ethnic groups share 
a common linguistic family (Gur language), which partly explains why some vernacular 
names of cited forage plants were quite similar during the field interviews. Broadly, I opted 
for individual-based observational ethnobotanical surveys but not via focused group or 
group discussion to understand the independent ethnoecological knowledge of forage 
resources that the local agro-pastoralists with varied socio-cultural and environmental 
settings exhibited in a multilevel fashion. I also employed a free list technique (Borgatti 
1999) to obtain free list length of edible forage plants cited by local agro-pastoralists as a 
proxy means of measuring the distribution of forage-related LEK among them (see 
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Chapter 4 for sampling details). To establish local trust and obtain substantial 
ethnobotanical information from the local agro-pastoralists in the interview process, I 
asked informants to provide an unlimited number of natural forage plant species, unlike 
Ayantundi et al. (2008) who did their ethnobotanical study by giving local informants a few 
lists of predetermined plant specimens for identification in Niger. Personal observations 
and ethnobotanical walks were conducted to collect voucher specimens of forage plants 
that were cited during the interviews (see Chapter 4).  
With respect to the ecological component, the ethnobotanical inquiry of this study looks 
at the forage resource availability and biodiversity metrics, as well as the abiotic climatic 
aridity variable. Considering the importance of the SES research in developing innovative 
research methods to operationalize trans-disciplinary investigations (Ostrom 2009), the 
clarion call for the integration of social and ecological domains by many contemporary 
researchers is the way to go, reflecting the human-environment relationship. This study 
employs a multi-pronged approach to understand and harness LEK of forage resources 
among local agro-pastoralists residing along a steep climatic gradient in the West African 
Guinean-Sudanian savannas. To triangulate ethnobotanical data gathered from the local 
informants for the assessment of local valuation criteria of forage resources for livestock 
grazing, vegetation sampling was done to take inventory of especially woody plants for 
subsequent comparisons for subsequent determination of their scientific names. In fact 
elaborate literature on LEK of forage resources in the West African Sudanian savanna 
ecosystems is very rare. Regarding statistical analysis of the collected data, this study 
uses a modeling approach to disentangle the fixed and random effects on various 
components of LEK regarding forage resources rarely done in ethnobotanical studies 
rather than the use of conventional hypothesis testing. Also, species diversity metrics 
were estimated for cited forage species by local informants. 
3.3.1 Ghana 
Geographically, Ghana is situated within latitude 4o 44’N and 11o 11’N and 3o 11’W and 
10 11’E longitude, bordering on the west coast of Africa and has a total land area of about 
239,460 km² (Oppong-Anane 2006). The country shares borders with Côte d’Ivoire to the 
west, Togo to the east, the Gulf of Guinea and the Atlantic Ocean to the south and finally 
Burkina Faso to the north (see, Figs. 4, 9 and 13,  Appendix 2). Based on the population 
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and housing census (PHC), the total population of Ghana stands at about 24,658,823 
people, out of which the Northern region had a population of 2,479,461 and the Upper 
East region had a population of 1,046,545 as in 2010. The latter include 50.4 percent and 
51.6 percent of females and males as in 2010 respectively (GSS 2012). The Northern 
Region of Ghana is dominated by Muslim religion with a population of about 60 percent 
although the country is largely composed of about 72 percent of Christians (GSS 2012) 
and a small proportion of traditionalists. The Upper East Region, on the other hand, has 
a majority of Christians as compared to other religious beliefs. There is a general 
perception that the northern part of Ghana has higher poverty incidences, food insecurity, 
interethnic conflicts and economic under-development when contrasted with the southern 
part of the country (Yaro 2004, Dietz et al. 2013, Wood 2013).  
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Fig. 3: Methodological flowchart of the ethnoecological research carried out in the West 
African Sudanian Savannas, specifically in northern Ghana and southern-central Burkina 
Faso. 
3.3.2 Burkina Faso 
Burkina Faso has an estimated human population of 14,017,000 as at 2006 (INSD 2009). 
Its total landmass covers an area of about 274,200 km² and lies between 9° and 15.5° N 
as well as 6° W and 3°E (Waongoa et al. 2015). Further information on the climate, 
geology and pedology, vegetation, flora and land use practices such as domestic 
livestock rearing and cultivated crops species for both selected countries in the study area 
is provided in Subsections 4.3.1, 4.3.2 and 4.3.3. Like Ghana, inhabitants in Burkina Faso 
do cope with their livelihood challenges. 
3.3.3 Selection criteria for villages/locations 
To obtain primary data on LEK of forage resources from local agro-pastoralists, I set out 
to specifically select (i) which villages to conduct my research and (ii) who to interview 
along a steep climatic aridity gradient (see Fig. 3 above). Firstly, I used a systematic 
sampling approach to choose suitable villages for subsequent ethnobotanical surveys as 
the study was meant to include heterogeneous ethnic groups. Among a number of 
selection criteria used for a suitable village in a decision tree, I started off by considering 
the following factors for the ethnoecological surveys in order of significance: 
x Topography of landscape: The immediate environment of the villages should 
have a visible sloping topography for subsequent plots stratification into lowland, 
mid-slope and upslope positions via vegetation sampling.  
x Local population: The target villages should have relatively large populations to 
be able to identify at least 30 suitable informants from each of them.  
x Ethnicity: Selected villages and informants should fall within the pre-determined 
ethnic group of the respective climate zone. 
x Distance between villages (site proximity concerns): Sampled villages should 
be at least 20 km away from one another to avoid possible spatial autocorrelation 
of data and also to ensure a wide geographical spread of selected villages. 
22 
 
3.3.4 Voucher specimens’ collection and preparation 
The majority of the local dwellers (about 80 percent) in the sampled rural communities I 
visited during my ethnobotanical interview sessions had very little or no formal 
educational training. Thus, the local agro-pastoralists were asked questions in their own 
local Dagbani, Gurunsi and Mossi dialects (see Appendices 1, 8 and 9). This was made 
possible via the engagement of experienced local field assistants in all ethnic groups to 
translate vernacular names of forage species and associated questions into English and 
vice versa. This was necessary because I did not have previously prepared plant species 
for the local informants to identify. The collected forage plants (especially wild herbaceous 
and woody plants) were then in turn herbarized according to standardized procedures 
such as labeling the specimens with their local name, the date of collection, the 
habitat/location of collection and the collector’s name. The vernacular plant names 
identified during the ethnobotanical walks were then matched with botanical names for 
further analysis of forage-related LEK. Research has shown that the vernacular names 
given by indigenous people (in their own dialects) usually reflect a wide spectrum of vital 
information on their understanding of such plants (Singh 2008).  
3.3.5 Agro-ecological zones 
The natural vegetation of Ghana has been clearly distinguished into six agro-ecological 
zones (AEZ; Oppong-Anane 2006), which are influenced generally by the climate and soil 
characteristics (see Subsection 4.3.2). They include the evergreen rain forest, deciduous 
rain forest, transition and coastal savannah zones constituting the southern half of Ghana 
have a bimodal equatorial rainfall pattern (major and minor growing seasons), while the 
Guinea and Sudan Savannas make up the northern half of Ghana, where this study was 
conducted. This two AEZs have mostly a uni-model tropical monsoon (one major growing 
season). The precipitation and temperature variations are controlled by the movement 
and interaction of continental and maritime winds (Oppong-Anane 2006, Wood 2013). 
According to Kagone (2006), Burkina Faso has not yet established an AEZ in the strict 
meaning of the term. However, Guinko (1984) rather established phytogeographical 
zones based upon the floristic and climatic characteristics, which take the place of AEZ 
as in the case of Ghana. The four established zones include the Northern Sahelian, 
Southern Sahelian, Northern Sudanian and Southern Sudanian zones (Kagone 2006). 
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This ethnobotanical research was conducted in the latter. The bioclimatic condition of the 
country suggests that the Sahelian climate is much drier than that of the Sudanian climate 
close to the border of northern Ghana with a largely Guinean-Sudanian climate type. 
Generally, the climatic condition of the study area is largely semi-arid in nature.  
3.3.6 Geological & pedological settings 
Geologically, the southern part of the study area covering particularly northern Ghana is 
commonly composed of the  West  African  Craton, which stabilized in  the  early  
Proterozoic  (2000  Ma)  during  the Eburnean  Orogeny  (Kesse 1985). This part of the 
country (Northern, Upper East and Upper West regions) mainly consists of the Voltaian 
system (Late Proterozoic-Early Paleozoic), Granitoids and small portions of Birimian 
rocks (Late Paleoproterozoic) close to the border of Burkina Faso (Kesse 1985, Carrier 
et al. 2008). In the north of the study areas (southern and central parts of Burkina Faso), 
the geology is dominated by the Precambian rocks of the Guinea Rise, largely migmatites, 
gneisses and amphibolites (Ferner et al. 2015).  
In terms of the pedological setting of the study area, the soils of Ghana are developed 
from highly weathered parent material (FAO 2005). The alluvial (Fluvisols) and eroded 
shallow soils (Leptosols) are predominately present in all agro-ecological zones in the 
country (Oppong-Anane 2006). Specifically, the northern half of Ghana is dominated by 
Luvisols which have a mixed mineralogy, high nutrient content and good drainage 
(Bridges 1997). However,  a low percentage of organic matter and nitrogen contents are 
common to the savanna and transition zones (FAO 2005), suggesting most soils in these 
areas are inherently infertile, or infertile due to human activities (Oppong-Anane 2006). 
On the other hand, the soil types on the Burkina Faso side of the study area, are mostly 
leached ferruginous soils, poorly evolved soils of erosion, brown eutrophic soils, vertisols, 
ferralitic soils, halomorphic soils, hydromorphic soils and raw mineral soils (Kagone 
2006). Out of these eight main soil types in Burkina Faso, the mostly leached ferruginous 
soils and poorly evolved soils of erosion cover more than two thirds of the country 
(Kagone 2006). 
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3.3.7 Vegetation, floral, faunal and crops-related species compositions 
The dryland vegetation provides important ecosystem services, e.g. forage resources, 
among others, for livestock production (Baumann 2009). Thus, the vegetation and soil 
types generally serve as the ecosystem ‘memory’ (Faber et al. 2005), since ecological 
information on both past climate conditions and land use practices is virtually stored for 
use by  local land users (Baumann 2009). In terms of domestic faunal species, local agro-
pastoralists keep common livestock species such as cattle, goats, sheep (considered in 
this study) and poultry in both countries. However, pigs are not reared in Muslim-
dominated areas except in Christian and traditionalists’ households. Some local farmers 
keep dogs) for night protection and/or for hunting purposes and donkeys (not considered 
in this research) for carrying water and/or farming in both countries. The cultivation of 
food and cash crops constitutes one of the main agricultural activities practiced among 
rural inhabitants in Burkina Faso as well as in Ghana. Local farmers in both countries 
mostly engage in cultivating cereals (maize, guinea corn, pearl millet, and rice), legumes 
(groundnuts, normal beans, Bambara beans and soya beans), tubers (yams, cassava 
and potatoes) and other exotic crop species such as cotton, banana and plantain. It was 
however observed that tuberous crops such as yams, cassava, banana and plantain 
species were exclusively planted in Ghana where dry sub-humid and humid weather 
conditions exist for fertile soils. Cotton, in particular, is cultivated on the Burkina Faso side 
close to the Ghanaian border.  
3.3.8 Land use systems 
The chief land use type is agro-pastoralism whereby local people do engage in all forms 
of cropping systems (monoculture or rotational crop farming) as well as animal husbandry 
by providing natural grazing pasturage platforms to cope with unpredictable precipitation 
patterns. Various crop residues are also fed to domestic livestock due to declining quality 
and quantity of available natural forage resources e.g. grasses (Kagone 2006, Oppong-
Anane 2006). Subsistence agriculture is the main employment opportunity for over 80 
percent of the economically active population in rural Burkina Faso (CalloǦConcha et al. 
2012).  On the other hand, local farmers in Ghana equally engage in peasant agriculture 
which employs approximately 60 percent of the labour force in the country (Oppong-
Anane 2006). Livestock husbandry (mainly cattle, sheep and goats) constitutes a crucial 
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aspect of the livelihood strategies of rural people living in semi-arid West Africa (Turner 
et al. 2014). In Ghana and Burkina Faso, almost every household rears a few animals 
(small ruminants, poultry) for home consumption and as financial capital saving in case 
of crop failures. Cattle rearing is more or less a preserve for the well-to-do individuals in 
rural communities. These rural communities do have limited social amenities such as 
water boreholes, road network, schools and so on. 
3.4 Ethnoecological research challenges 
A host of practical challenges was encountered in carrying out this ethnoecological 
research in such a wide study area along a steep climatic gradient. These include the 
following: 
x Match of vernacular and scientific nomenclature from voucher specimens: 
One of the overarching practical challenges faced was the matching of vernacular 
names of cited forage species during the ethnobotanical interviews and their 
corresponding scientific nomenclature. It was primarily due to the open-ended 
(limitless) nature of answers provided by local agro-pastoralists via the free list 
approach without using pre-identified forage plants during ethnobotanical surveys.  
x Time resource constraint: The inter- and intra-dialectical differences in 
vernacular names of forage species cited by selected ethnic groups was 
particularly time-consuming which then warranted repeated collections and 
preparation of cited forage specimens.  
x Topographic positions in village landscape: For vegetation sampling, it was 
challenging to clearly locate different topographic positions (upland, mid-slope and 
lowland) in nearby village landscapes suitable for where ethnobotanical interviews 
were done. This was done to capture more possible forage plants at various 
locations as was done for covering a wide range of age, ethnic and gender groups 
in sampled villages.  
x Poor road networks: Poor feeder road networks connecting the various villages 
in the study area coupled with inadequate logistics posed a serious challenge for 
conducting several ethnobotanical surveys in many different locations. 
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x Randomization of local informants:  It was sometimes difficult to find suitable 
local informants especially during the rainy season due to increased farming 
activities, a multiplicity of household chores for female local informants and cultural 
limitations for women to talk to strangers in the rural communities visited.  
The above mentioned challenges were carefully handled to minimize avoidable sampling 
errors and finally obtain reliable and consistent quantitative ethnoecological data. 
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4 Factors influencing local ecological knowledge of forage resources: 
Ethnobotanical evidence from West Africa’s savanna 
4.1 Chapter abstract and highlights 
Recording local ecological knowledge (LEK) is a useful approach to understanding 
interactions of the complex social-ecological systems. In spite of the recently growing 
interest in LEK studies on the effects of climate and land use changes, livestock mobility 
decisions and other aspects of agro-pastoral systems, LEK on forage plants has still been 
vastly under-documented in the West African savannas. Using a study area ranging from 
northern Ghana to central Burkina Faso, we thus aimed at exploring how aridity and socio-
demographic factors drive the distributional patterns of forage-related LEK among its 
holders. With stratified random sampling, we elicited LEK among 450 informants in 15 
villages (seven in Ghana and eight in Burkina Faso) via free list tasks coupled with 
ethnobotanical walks and direct field observations. We performed generalized linear 
mixed-effects models (aridity- and ethnicity-based models) and robust model selection 
procedures. Our findings revealed that LEK for woody and herbaceous forage plants was 
strongly influenced by the ethnicity-based model, while aridity-based model performed 
better for LEK on overall forage resources and crop-related forage plants. We also found 
that climatic aridity had a negative effect on forage-related LEK across gender and age 
groups, while agro- and floristic diversity had a positive effect on the body of LEK. About 
135 species belonging to 95 genera and 52 families were cited. Our findings shed more 
light on how ethnicity and environmental harshness can markedly shape the body of LEK 
in the face of global climate change. Better understanding of such a place-based 
knowledge system is relevant for sustainable forage plants utilization and livestock 
production.  
Highlights: 
x Aridity and ethnicity are important drivers of LEK and their relative importance depend 
on the types of forage resources considered. 
x Local climatic variability poses a major threat to LEK accumulation and ecosystem 
services provision (e.g. forage resources). 
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x Gender-based LEK varies depending on ethnicity, aridity and type of forage resource. 
x LEK is unevenly distributed among local resource users. 
4.2 Introduction 
In the tropics and subtropics, particularly in the West Africa’s savannas, vulnerable 
resource-poor rural dwellers tend to largely depend upon the provision of natural 
ecosystem goods and services for their survival (MEA 2005, Rinawati et al. 2013). Forage 
provision is one of such essential ecosystem services; it supports approximately 50 
percent of global livestock production (MEA 2005) and contributes to sustainable livestock 
production in predominantly mixed crop-livestock rural farming communities. Local 
ecological knowledge (LEK) is a cumulative body of knowledge gained via practical 
interrelationships with ecosystems by local resource users over the years (Berkes et al. 
2000), and is of considerable value for effective management of ecosystem services 
(MEA 2005). LEK has been recognized to play a significant role in studies on sustainable 
forms of rangeland management, yet it suffered little attention from scientists and has 
been ‘inappropriately dismissed’ in the past decades (MEA 2005). Considering the 
potential value and contribution of LEK to ecosystem management, holders of LEK could 
therefore be very good 'objects of study' as their knowledge could be harnessed for 
supporting sustainable resource management efforts. 
Currently, LEK has however received growing levels of international recognition as an 
alternative source of information (Berkes et al. 2000, Steele and Shackleton 2010). This 
is evidenced by an avalanche of recent LEK-related studies carried out in different bio-
geographical locations around the globe (Bollig and Schulte 1999, Asase and Oteng-
Yeboah 2007, Ayantunde et al. 2008, Bekalo et al. 2009, Derbile 2010, Azzurro et al. 
2011, Gouwakinnou et al. 2011, Houessou et al. 2012, Kgosikoma et al. 2012, Sop et al. 
2012, Linstädter et al. 2013, Albuquerque 2014, Kidane et al. 2014, Ouédraogo et al. 
2015, Pulido and Coronel-Ortega 2015, Zizka et al. 2015). LEK is generally considered 
to be differentially distributed among its holders (Briggs 2005, Ayantunde et al. 2008). 
There is also ample evidence in literature that LEK is gender- and age-specific 
(Komwihangilo et al. 2001, Camou-Guerrero et al. 2008), and to vary considerably 
between ethnic groups even within the same region as documented in Burkina Faso by 
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Sop et al. (2012). Nevertheless, with changing social, economic and environmental 
conditions confronting local land users, their LEK is at risk of being lost in the near future 
(Gaoue and Ticktin 2009, Koohafkan and Cruz 2011, Gomez-Baggethum and Reyes-
Garcia 2013). Hence, possible loss of LEK may partly lead to reduction in future coping 
capabilities of local farmers in the face of adverse climatic changes in rangelands 
worldwide (Koohafkan and Cruz 2011). It is also believed that, there is a dynamic “shifting 
baseline syndrome” in the acquisition and distribution of LEK, whereby each generation 
of local land users may consider as a baseline the abundance and composition of species 
observed at the beginning of their lives, and use this baseline to evaluate changes along 
time (Hanazaki et al. 2013). 
In spite of this increasing body of evidence for LEK investigations of late, only a very few 
studies solely focused on LEK on forage/fodder plants (Linstädter et al. 2013, Bahru et 
al. 2014, Nunes et al. 2015). As far as we know, no adequate rigorous statistical modeling 
approach has been implemented to quantitatively examine the relative importance of 
particularly cultural background (ethnicity) and/or environment harshness (aridity) for 
assessing LEK distributional patterns among its holders in Ghana and Burkina Faso. In 
this paper, we therefore seek to bridge this knowledge gap. Our overarching research 
question is ‘How is LEK on forage plants spatially distributed across the three dominant 
ethnic groups sampled along a steep gradient of climatic aridity?’ In an attempt to find out 
who knows more forage plants than others among a pool of LEK holders, we aske the 
following specific questions: 
1. What are the kinds of forage species known to local agro-pastoralists? 
2. Is it more the ethnicity or aridity or both which affect LEK quality and distribution? 
3. Have local respondents the same overall depth in their LEK on forage plants, and 
how elaborate is their LEK on specific forage types?   
4. Do local informants with the same background in gender, age, ethnicity and aridity 
mention the same forage species, and if not, what explains their dissimilarity?  
We  hypothesize that (1) local informants tend to cite forage species they are familiar with, 
(2) the more aridity increases from south to north, the higher the variability and diversity 
of forage plants would be in space and time, leading to higher LEK among agro-
pastoralists, (3) respondents show varying levels of LEK on forage plants,  and that (4) 
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men would have higher LEK on forage plants than women, while older adults will have a 
more profound LEK on forage plants than the middle-aged adults who will in turn have 
higher LEK than the young adults.  
4.3 Materials and methods  
4.3.1 Study area within a broad regional context 
This research was undertaken in two neighboring West African countries, namely Ghana 
and Burkina Faso between October to December, 2012 and July to October, 2013. The 
study area specifically covered a wide stretch from northern Ghana to southern-central 
Burkina Faso, covering the Guinean and Sudanian savannas (Fig. 4). The area is 
characterized by a north-south climatic gradient of increasing aridity from the south 
(Ghana) to north (Burkina Faso) of the study area (Fig. 4). Both countries are not only 
characterized by roughly similarly open dry savanna vegetation type and unimodal rainfall 
regime (unimodal rainfall pattern lasting for about six months) but are also rich in ethnic 
diversity. The common soil types include thoroughly weathered parent materials, with 
alluvial soils (Fluvisols) and eroded shallow soils (Leptosols) common to all the ecological 
zones in Ghana (Oppong-Anane 2006) while that of Burkina Faso are mostly leached 
ferruginous soils, poorly evolved soils of erosion, brown eutrophic soils, vertisols, ferralitic 
soils, halomorphic soils, hydromorphic soils and raw mineral soils (Kagone 2006). 
The characteristically open vegetation cover mostly consists of economically important 
trees and shrubs such as Vitallaria paradoxa (sheanut trees), Adansonia digitata 
(baobab). Cultivation of food and cash crops (sorghum, maize, millet, rice, beans, 
groundnuts, yams) as well as livestock rearing (mainly cattle, goats, sheep and poultry) 
are the main agricultural activities among rural inhabitants in both Burkina Faso and 
Ghana (Dessalegn 2005, Derbile 2010, CalloǦConcha et al. 2012). The rationale for the 
selection of these wide ranging study areas was to allow for a trans-national and cross-
cultural comparisons of LEK distribution among local agro-pastoralists living under slightly 
different environmental conditions, ethnic inclinations and socio-economic backgrounds. 
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Fig. 4: Study area comprising northern Ghana and south-central Burkina Faso with 15 
villages across three major ethnic groups (Dagbani, Gurunsi and Mossi) located along a 
gradient of climatic aridity. The aridity classes are defined based on aridity indices of 
villages, following the UNEP aridity classification system and our own subdivision of semi-
arid class into moist and dry semi-arid classes. Source: Map by Gerald Forkuor. 
4.3.2 Ethnic groups studied 
We studied three dominant ethnic groups inhabiting in the study area (Fig. 4). Thus, the 
Mossi predominantly reside in southern- central Burkina Faso, the Gurunsi living in both 
sides of the border between Burkina Faso and Ghana, and the Dagbani in northern 
Ghana. These selected ethnicities share comparable agro-pastoral practices. In the semi-
arid West Africa savanna, rural people mostly practice livestock husbandry (mainly cattle, 
sheep and goats) which constitutes a crucial aspect of their livelihood (Turner et al. 2014), 
coupled with crop farming activities.  
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The Mossi mostly inhabit dry semi-arid sites with the harshest environmental conditions 
in the study area (Fig. 4). They contribute over 50 percent to Burkina Faso’s total 
population (Sop et al. 2012). Traditionally, their rural economy is dominated by 
subsistence agriculture, with millet, sorghum, maize and cowpea being the main crop 
plants (Sop et al. 2012).  
The Gurunsi ethnic group consists of sub-ethnic groups including Frafras and Nabit in 
northeastern Ghana only, while Kasenas inhabit both northeastern Ghana and southern 
Burkina Faso. The Gurunsi group contributes about 5 percent of the total population of  
Burkina Faso (Kristensen and Balslev 2003) and similar proportion in Ghana. Although 
these sub-ethnic groups have linguistically distinct dialects yet they have rather similar 
social, economic and religious practices. The Gurunsi are known to be crop farmers but 
later adopted agro-pastoralist lifestyle from Mossi and Fulani ethnic groups who migrated 
to the south to look for better forage resources for their livestock and fertile lands for 
cultivation (Kristensen and Balslev 2003, Kristensen and Lykke 2003). Within the study 
area, the Gurunsi mainly inhabit the moist semi-arid environments. Furthermore, the 
Dagbani ethnic group inhabits both humid and dry sub-humid sites, representing the most 
humid conditions within the study area. They constitute about 16.5 percent of Ghana’s 
total population (Langer and Ukiwo 2007) and about 60 percent of the population of the 
Northern Region. Their rural economy is mainly based on agro-pastoralism (involving 
crop farming and livestock keeping) since the open savanna ecosystem is suitable for 
such a farming system. With a better rainfall regime than other parts within the study area, 
crop productivity is quite high among Dagbani farmers. Due to the patriarchal dominance 
of Dagbani tribe, men own most of the large ruminants especially cattle while their women 
engage in rearing of goats and sheep, and cultivate mostly ‘female crops’ such as 
vegetables, maize, beans, groundnuts, rice, sorghum and potatoes. Women are 
considered as ‘prime producers’ especially in the rural economy of northern Ghana 
(Apusigah 2013). The men rather involve in tuberous crops such as yam and cassava 
farming due to suitable soils and climatic conditions. However both sexes never rear pigs 
due to their predominantly Muslim belief system.  
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4.3.3 Study design and data sampling procedures for ethnic groups, aridity 
classes, gender affiliation, age groups and residential status of agro-pastoralists 
We employed a three-way factorial design of 3 levels of ethnicity x 2 levels of gender x 3 
levels of age class (3 x 2 x3). Using stratified random sampling, we selected local agro-
pastoralists for the free list tasks. In this article, we used ‘local agro-pastoralists’, ‘local 
farmers’ and ‘local informants’ interchangeably. The stratified random sampling was more 
preferred and selected for this study because we wanted to compare possible variations 
in LEK on forage plants among the sub-groups in our sampling population and also to 
make the sampling representative, as suggested by Teddlie and Yu (2007). 
Ethnicity data collection: The ethnic stratification of local informants was based on the 
dominant presence of ethnic groups within the study area (Fig. 1) for the free list 
interviews (see Section 2.4 below for more reading). This was done to disentangle the 
relative importance of ethnicity on forage-related LEK.  
Aridity data collection: To use aridity as a predictor variable, we calculated aridity 
indices (AI) of all 15 sampled villages using the widely accepted UNEP AI formula 
(Middelton and Thomas 1997).  Thus, AI = P/PET, where P = mean annual precipitation 
and PET = annual potential evapo-transpiration. The AI data were extracted from a high-
resolution global raster climate database  from the WorldClim database 
(http://worldclim.org/version1). We then calculated PET from Thornthwaite's 1948 
formula, as explained in Kumar et al. (1987). Based upon the calculated AI per village, 
we established four aridity classes, namely humid-HUM (>0.65), dry sub-humid-DSH 
(0.50-0.65), and sub-divided semi-arid (0.20-0.50) into moist semi-arid-MSA (0.39-0.49) 
and dry semi-arid-DSA (0.20-0.38).  
Age-related data collection: Following Eguavoen (2013), we also stratified local 
informants into young adults (15-35 years), middle-aged adults (36-55 years) and older 
adults (above 55 years). This was done to see how LEK on forage plants was distributed 
among local informants under these age categories. We then replicated this random 
sampling approach in all 15 sampled villages.   
Gender affiliation and residential status: The gender stratification was based on the 
binary male and female affiliations to obtain gendered perspectives of LEK on forage 
plants. The residential status of local agro-pastoralists hereby refers to native and migrant 
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local agro-pastoralists who still belong to similar, dominant ethnic groups of interest. This 
variable was recorded but not used for designing this study. 
4.3.4 Free list tasks 
To assess the levels of agro-pastoralists’ LEK on available forage plants for livestock 
grazing by their small- and large-stock, we applied a well-established ethnographic 
method known as free listing (Borgatti 1999) used in many recent ethnobotanical studies 
(Lykke et al. 2004, Quinlan 2005, Duku et al. 2010, Linstädter et al. 2013). Local field 
assistants were engaged to translate research questions and related follow-ups from 
English into various local dialects for respondents and vice versa for documentation of 
their answers. For ethical reasons, local informants were adequately briefed about the 
essence of the research from the onset of the free list tasks and that their information 
would be treated confidentially. We did this to get their consent before commencement of 
the interviews and to build trust with the local folks as well. We also sought permission 
from local chiefs and opinion leaders in all selected rural communities prior to conducting 
free list tasks. Before the free list interviews started, we recorded, among others, 
important local informants’ socio-demographic variables in line with our study design as 
described above.  
To capture individual local farmers’ LEK on forage plants, we simply asked them to freely 
list as many as possible plants which cattle, goats and sheep normally feed on. Although 
the free list approach is a widely used ethnographic tool and appears to be simple, it 
however provides an incredible understanding into the relevance of LEK and its variation 
in study communities (Quinlan 2005). This technique makes use of three general 
assumptions (Romney and D'Andrade 1964, Gatewood 1983, Quinlan 2005) which 
include: (1) when people free list, they tend to list items in order of familiarity, (2) people 
who know a lot about a subject list more items than those who know less, and (3) items 
that most respondents mention indicate locally prominent items. This free list approach is 
without limitations. Thus, a specific domain can limit respondents' answers and the 
tendency to reflect mostly respondents' active vocabulary for terms in a particular cultural 
domain (Quinlan 2005) or interviewees forget to list items (Brewer 2002). We also think 
that local informants’ timidity and unwillingness especially women, at times, to participate 
in the interview process with a stranger may hamper the delivery of their answers.  
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Notwithstanding, some of the advantages of free listing include rapid and simple data 
collection to obtain more samples in less time and easy quantification of free list data 
(Quinlan 2005). We chose to use the free list approach because its merits seem to 
outweigh that of its demerits. To help minimize its limitations outlined above, we created 
a congenial environment during the interview process by adopting friendly attitude and 
genuine readiness to learn from respondents’ answers in an unrestricted manner coupled 
with probing techniques to get the best out of them. In sum, we covered 450 local agro-
pastoralists in 15 villages (seven in northern Ghana and eight in southern-central Burkina 
Faso), out of which 30 informants were interviewed per village (replicated in five villages)-
totaling 150 agro-pastoralists per ethnic group.  
4.3.5 Ethnobotanical walks, voucher specimen collection and direct field 
observations 
Ethnobotanical walk sessions were carried out with local experts (mostly older male 
adults) who exhibited profound LEK on forage plants during free list tasks. Here, 
ethnobotanical walk refers to taking a guided tour around local immediate surroundings 
including far bushes usually with at least two persons (e.g. Albuquerque et al., 2014 and 
Nunes et al., 2015). This ''environmental scanning'' process was necessary to better 
understand the local landscape within which these forage plants were present. We 
prepared voucher specimens of grasses/forbs and trees/shrubby species vernacularly 
mentioned for subsequent standardized scientific identification with a trained laboratory 
technician at the Herbarium of the University of Ouagadougou, Burkina Faso. Where 
necessary, further confirmations were done in the Senckenberg-Museum, University of 
Frankfurt, Germany.  
Also, the scientific names of cited forage species and their authorities were validated 
using the website of West African plants 
(http://www.westafricanplants.senckenberg.de/root/index.php). We also cross-checked 
vernacular names supplied by informants in our study with already published literature, 
as recommended by Nolan and Robbins (1999). We used Blench (2006)  for the Dagbani 
tribe and (Thiombiano et al. 2012, Zizka et al. 2015) for the Mossi ethnic group to cross-
check vernacular names; but no published document was found for Gurunsi vernacular 
names on plants. Direct field observations on livestock-related issues were made to 
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complement free list tasks. It is asserted that observation of everyday activities may give 
additional insight into aspects of a culture, including livestock-related activities that may 
not obviously be visible at first sight (Martin 2004).   
4.3.6 Data analysis 
To identify factors influencing LEK on forage plants, we employed a step-by-step data 
analysis approach. In the first step, a full set of predictor variables including ethnicity, 
gender, age, education, residential status and aridity were subjected to principal 
component analysis (PCA) to identify possible multicollinearity or collinearity problems. 
Explanatory variables with higher component loadings retained in the analysis were used 
for further model selection (as described in third step). To ensure that the predictor 
variables were non-correlated, we used orthogonal rotation with varimax method. Also, 
statistical assumptions were explored visually as proposed by Zuur and colleagues 
(2010). The data exploration was also meant to see what general trends were existing in 
the dataset and appropriately applied further statistical analyses (Fields 2013).  
In the second step, since ethnicity and aridity were found to be collinear, we separately 
established two candidate global models (ethnicity- and aridity-based models) as also 
done by Ruppert et al (2015) to predict effects of socio-demographic variables on four 
response variables (average free list length of all forage plants (Fortotal), herbaceous 
forage plants-grasses and forbs (Forherb), woody forage plants-trees and shrubs (Forwood), 
and crop-related forage plants-fresh crops, crop residues and by-products (Forcrop) 
leading to 8 separate models. The final four models were then selected using the Akaike 
Information Criterion (AIC). The model selection procedure was preferentially selected 
because it takes care of maximizing the fit as well as the complexity of the model (Johnson 
and Omland 2004). The generalized linear mixed-effects model (GLMM) was fitted by 
maximum likelihood (Laplace Approximation). For the ethnicity-based full model, we used 
ethnicity, gender, age class, educational level and residential status as fixed factors, while 
in the aridity-based full model, we retained same fixed factors and replaced ethnicity with 
aridity. The study site (village) was nested within ethnicity or aridity class as a random 
(intercept) component to correct for site-specific effects for both models. The model 
selection was done with R package v.3.2.0 (R core team 2015) and all exploratory data 
analyses including graphics were done using IBM SPSS v. 22.  
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To find out whether respondents with same aridity and gender had similar LEK on forage 
plants species, we carried out a two-way non-parametric permutational multivariate 
analysis of variance (PERMANOVA) in the third step. Sample size was reduced from 450 
to 360 informants to obtain a balanced design for the aridity categories. To visualize 
similarities in patterns of LEK on forage plants, non-metric multidimensional scaling 
(nMDS) ordination using the Bray-Curtis similarity measure was additionally performed. 
For the main matrix (respondents x forage species), we transformed free list data with the 
presence/absence function while the secondary matrix was made of (respondents x 
informants' socio-demographic characteristics). Each respondent literally represented a 
plot (as a sample unit). Similarly, Azzurro et al. (2011) used similar multivariate 
methodological approach in their study on LEK regarding fish diversity in the 
Mediterranean Sea. Both nMDS and PERMANOVA were carried out using PC-ORD v.5 
(McCune and Grace 2002). The calculation of citation frequencies of known forage 
species was done with freely available Anthropac 1.0 software, suitable for free list 
datasets (Borgatti 1996, 1999).  
4.4 Results and discussion 
4.4.1 Forage species richness and their citation frequency among local agro-
pastoralists 
From the free list tasks conducted, the 450 local agro-pastoralists reported a wide variety 
of forage species (135), corresponding to 95 genera and 52 families (see Appendix 14 
for 19 topmost frequently cited species). This is indicative of the extent to which local 
agro-pastoralists serve as a repository of knowledge on their local vegetation. Literature 
revealed that LEK is capable of providing important information on plant species richness, 
diversity, abundance and rarity (Sop et al. 2012), necessary for not only understanding 
local vegetation dynamics but also fundamental management strategies for sustainable 
use and conservation of natural vegetation (Lykke 2000). The most frequently cited forage 
species points to their nutritive, palatability and cultural values for livestock consumption.  
Our finding of LEK on Forwood with many different woody species cited by local informants 
as compared to LEK on Forcrop and Forherb supports the ecological apparency hypothesis 
(Lucena et al. 2012), which states that apparently big and common plants are usually 
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more frequently cited and considered most useful to resource users. The citation of the 
three different forage types (Forherb, Forwood and Forcrop) also signifies the importance of 
integrated system of ruminant feeding for sustainable livestock production in the midst of 
unpredictable rainfall patterns over the years in such predominantly semi-arid areas. LEK 
on Forcrop was found to be dominant in the free lists given by local agro-pastoralists across 
all ethnic groups (Appendix 4D). This is an indication of the important role that crops 
(including residues) play in supplementing the feeding demands of livestock especially in 
periods of scarcity (dry season). It could also be attributable to the easy recollection of 
vernacular names for crop plants by local farmers and their familiarity with them for 
purposes of food as compared to other forage species.  
The Poaceae (70 percent of forage species), Fabaceae (8 percent) and Malvaceae (8 
percent) were recorded as the most represented forage plant families recorded in this 
study, which confirmed similar finding in Burkina Faso by Zizka et al. (2015). These plant 
families have suitable properties (e.g. high palatability, nutritional value, including as 
forage plants) for livestock consumption and human use (Zizka et al. 2015).  
In terms of the differential citation capacity of the informants across selected ethnic 
groups, Dagbani informants cited more forage species (120) as compared to Gurunsi 
informants (105) and Mossi informants (89). However, Mossi informants listed more 
Forwood than Gurunsi and Dagbani informants, who in turn named more different Forwood 
than Gurunsi informants. Thus, such  different citation frequencies for the three dominant 
ethnic groups seem to reflect individual cultural preferences in the sense that people with 
different ethnic backgrounds tend to prioritize differently for a particular use category (as 
forage plant). This may also be attributable to ease of vernacular names recollection and 
their familiarity with such forage species. 
4.4.2 Relative importance of aridity and ethnicity in predicting LEK on forage plants  
Comparing the eight competing candidate models for predicting the body of LEK on 
forage plants, it was evident that the ethnicity-based model performed better with LEK on 
Forherb (AICethnicity 1927.3 vs. AICaridity 1931.4) and Forwood (AICethnicity 2127.1 vs. AICaridity 
2133.7) than the aridity-based model. Regarding Fortotal and Forcrop, the aridity-based 
model was rather superior to the ethnicity-based model with lower AIC values: Fortotal 
(AICethnicity 2683.5 vs. AICaridity 2681.2) and Forcrop (AICethnicity 1956.9 vs. AICaridity 1951.6). 
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The four final models as reported above were equally plausible since delta AIC values 
were >2. However, both separate candidate models did have low marginal and conditional 
R2 values (see Table 1 beneath). Our finding therefore suggests that it is not only a 
respondent’s environmental setting (aridity at a given site) that determines the extent of 
LEK on forage plants but also the cultural setting (ethnicity) with respect to the aspect of 
LEK one is seeking to address. Thus, both factors are important but for certain 
components of LEK under study and can be misleading to general LEK findings. 
However, since the aridity-based model outperformed the ethnicity-based model for LEK 
on Fortotal, which is an embodiment of all four forage plant types cited, one could infer that 
aridity is more influential in forage-related LEK patterns than ethnicity. Our hypotheses 
that ethnicity is more important in shaping forage-related LEK than aridity and that harsher 
environmental conditions coupled with the cultural relevance of livestock-based income 
would lead to higher LEK score especially on woody forage plants were not fully met.  
Better performance of the aridity-based model regarding Fortotal and Forcrop may be 
explained by two reasons: (1) people’s overall LEK on forage plants tends to be more 
strongly shaped by the prevailing local environmental conditions than ethnic affiliations 
and (2) crop production in the West African Sudano-Sahelian zone is rain-fed and 
therefore very sensitive to variable climatic conditions, as also noted by  Mertz et al. 
(2011). On the other hand, LEK of Forherb and Forwood were influenced more by ethnicity 
probably due to the multiple cultural uses of grasses (herbs and forbs) and trees (shrubs), 
not only for grazing and browsing but also serve as traditional housing materials, for 
weaving local hats, pestle and mortar production and medicinal purposes, reflecting the 
cultural identities of local inhabitants. 
4.4.3 Effects of climatic and socio-cultural factors on forage-related LEK among 
agro-pastoralists 
The distribution of LEK among its holders is not only usually influenced by several factors 
including socio-economic variables such as gender, age, and ethnicity (Sop et al. 2012), 
but also environmental variables such as aridity. We tested the effects of the 
aforementioned factors on LEK about forage species from various sources, namely crops, 
herbs and woody plants. Total forage-related LEK (Fortotal) was significantly influenced by 
the interacting effects of aridity and gender (x2 = 17.9, P < 0.001) and age class (x2 = 16.3, 
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P = 0.013) (see Table 1A). These two factors including a correction for village effects 
explained 35 percent of variance in the data set. Our results indicate that LEK on Fortotal 
increased with decreasing aridity. In other words, local informants residing in more humid 
conditions cited higher average number of forage plants than those living in more arid 
locations. This therefore shows strong evidence for a negative effect of climatic aridity on 
the body of forage-related LEK, which is in line with a study from Benin (Segnon and 
Achigan-Dako 2014). Our observation could be explained by the fact that both crop 
diversity (Traoré et al. 2011) and the diversity of near-natural vegetation typically 
decreases along climatic aridity gradients (McClean et al. 2005, De Bello et al. 2006), 
which is apparently reflected in fewer species known by individual land-users.  
On the contrary, we rather found that floristic diversity (on the part of forage plants) and 
agro-diversity have a strong positive effect on forage plants-related LEK, as corroborated 
by Kristensen and Lykke (2003) in southern Burkina Faso, who stated that informants 
living in close vicinity to a protected area knew more useful plants than informants living 
in adjacent, less diverse environments. The positive effects of floristic diversity on the 
body of LEK might have shadowed the opposite effect of aridity. A plethora of literature 
argued that arid environments are linked to a strong need to cope with harsh 
environmental conditions and frequent incidences of forage scarcity threatening or 
decimating livestock (Newsham and Thomas 2011), leading to a more elaborate LEK 
than in less harsh environments (Stafford Smith et al. 2009, Linstädter et al. 2013). Our 
results were not able to confirm these existing findings.  
Pairwise comparisons revealed that men and women had similar LEK on Fortotal in a given 
aridity class (Appendix 4). Thus, both sexes exhibited same level of forage-related LEK 
when they were interviewed in the same areas, be it in HUM, DSH, MSA or DSA (see 
Fig. 2A). However, women’s LEK in wet environments (HUM and DSH) was significantly 
higher than in more arid environments (MSA and DSA). Thus, women in wet 
environments recalled on average (M) = 7.90 forage plants than those who lived in 
villages with semi-arid conditions. Roughly the same pattern was found for men; where 
LEK on Fortotal in HUM and DSH areas was higher than those in villages with arid 
conditions (MSA and DSA; Fig. 5A). For instance, men from HUM environments recalled 
on average 4.04 and 6.18 forage plants more than those who resided in MSA and DSA 
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respectively, and similar pattern was recorded for men in DSH as compared to MSA and 
DSA. This is partly attributable to favorable precipitation, soil conditions, high forage 
species diversity in humid environments as opposed to the arid locations where there are 
apparently climatic constraints such as scarcity of water and unavailability of forage 
plants.  
Also, pairwise comparisons and visual interpretations of median free list lengths showed 
a strong, quasi-linear trend for young and middle-aged respondents to name more forage 
plants in villages with humid conditions (Appendices 4 (A, B, C, D & E); Fig. 6). This trend 
was not clear for old respondents, who displayed a similar free listing capacity (LEK on 
Fortotal) across environments with a different climatic aridity. These results are 
unexpected, as we assumed that an increasing aridity would generally increase the body 
of forage-related LEK. We also found no support of our expectation that old people would 
be most knowledgeable; their free listing ability in areas with arid conditions (DSA and 
MSA) was not different from that of younger informants residing in locations with similar 
climatic aridity. Surprisingly, it was in fact young adults who had richest forage-related 
LEK in HUM and DSH environments as compared to older adults residing in DSA 
environments. In HUM environments, old adults even were the least knowledgeable. 
Thus, their average free listing capacity was only 19.57 forage plants which was rather 
lower than the average free listing capacity for middle-aged (21.93 plants), which inturn 
was less than the young adults (22.03 plants). This finding was unexpected as the latter 
age group exhibited higher LEK on forage resources than the middle-aged and older 
adults. 
We also found both men and women living in locations with similar aridity conditions (e.g. 
DSH and HUM versus MSA and DSA); exhibiting similarity in LEK of Fortotal. This could 
be ascribed to both men and women experiencing similar environmental conditions and 
interacting with associated locally available forage species. Also, frequent travels by local 
agro-pastoralists across nearby villages for social events as well as rural-rural migration 
may facilitate knowledge sharing on forage plants among them.  
Similarly, foraged-related LEK among young, middle-aged and older adults was 
consistently higher for those residing in humid environments than for same age groups in 
arid locations, suggesting that the closer the similarity in climatic conditions become, the 
42 
 
more similar the LEK on Fortotal across age groups since they experience similar 
environmental conditions and forage resource types (Fig. 6).  
Table 1: Results of final GLMMs showing how respondents’ LEK on forage plants is 
shaped by socio-cultural and climatic factors. Only factors and interactions retained in the 
final models are shown for (A) total forage-related LEK (Fortotal), (B) LEK of crop plants 
providing forage (Forcrop), (C) LEK of herbaceous forage plants (Forherb), and (D) LEK of 
woody forage plants (Forwood). Note that the random-effect term ‘village’ (nested in aridity 
or ethnicity) was retained in all ﬁnal models. Marginal and conditional R2 represent 
proportions of variance explained solely by ﬁxed-effects, or by ﬁxed plus random-effects 
respectively. Post-hoc results for significant interactions based on Wald chi-square (X2) 
tests are provided are also visualized in Figs. 5-7. 
A) Response variable: Fortotal Df X2 P 
(Intercept) 1 4496.6 <0.001*** 
Aridity 3 41.9 <0.001*** 
Gender 1 6.09 0.014* 
Age class 2 1.50 0.472 
Status 1 2.68 0.102 
Aridity*Gender 3 17.9 <0.001*** 
Aridity*Age class 6 16.3 0.013* 
Random effect: ~1 | Village/Aridity class    
Marginal R2 27%   
Conditional R2 35%   
B) Response variable: Forcrop Df X2 P 
(Intercept) 1 1258.2 <0.001*** 
Aridity 3 92.1 <0.001*** 
Gender 1 1.82 0.177 
Status 1 2.21 0.137 
Aridity*Gender 3 9.70 0.021* 
Random effect: ~1 | Village/Aridity class    
Marginal R2 25%   
Conditional R2 26%   
C) Response variable: Forherb Df X2 P 
(Intercept) 1 181.5 <0.001*** 
Ethnicity 2 1.56 0.458 
Gender 1 53.2 0.001*** 
Ethnicity*Gender 2 11.2 0.004** 
Random effect: ~1 | Village/Ethnicity    
Marginal R2 18%   
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Conditional R2 30%   
D) Response variable: Forwood Df X2 P 
(Intercept) 1 552.3 <0.001*** 
Ethnicity 2 30.3 <0.001*** 
Gender 1 16.6 <0.001*** 
Status 1 4.01 0.045* 
Ethnicity*Gender 2 23.3 <0.001*** 
Random effect: ~1 | Village/Ethnicity    
Marginal R2  17%   
Conditional R2  27%     
*<0.05, **<0.01, ***<0.001. 
With respect to crop plants used as forage (Forcrop), only aridity (P <0.001) and its 
interaction with gender (P = 0.021) explained differences in LEK among its holders (Table 
1B). Moreover, explained variance (conditional R²) was only 26 percent and thus 
considerably lower as compared to Fortotal. In all aridity classes, men and women 
generally recalled similar numbers of crop plants used as forage (Fig. 5B). Mirroring 
Fortotal results, Forcrop among women living in HUM and DSH areas was significantly 
higher than that of women residing in more arid villages (MSA and DSA). Women from a 
HUM environment recalled on average  5.38 and 5.90 crop plants used as forage more 
than those living in MSA and DSA areas respectively, while those residing in a DSH 
villages similarly cited more on average 2.28 and 2.80 crop plants than women in MSA 
and DSA places respectively.  
A roughly similar pattern was observed for men, although men tended to be less 
knowledgeable, and differences across aridity classes were not as pronounced as for 
women: Men from a HUM environment recalling on average 7.79 crop plants, while they 
only recalled 4.68 species (-3.11) in a DSA environment (Fig. 5B). These results are not 
unexpected since humid conditions tend to favor crop plants availability and women tend 
to interact more with crop plants for cooking purposes.  
Regarding variation in LEK of Forcrop, men and women exhibited similar distributional 
patterns across all four aridity classes, suggesting that both sexes had almost equal 
exposure to and familiarity with these forage-providing crops. The increasing LEK on 
Forcrop with decreasing aridity values is explained by better rains in humid locations 
leading to bumper harvests including crop residues as opposed to arid areas where local 
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farmers usually experience poor crop yields. Local farmers in humid areas may also be 
more willing to plant or interact with other crop species (being more innovative) which 
could influence their LEK of Forcrop. In contrast, people in arid areas may focus on the few 
crop species which have already been tested on their farms and can cope with such harsh 
environmental conditions. 
 
Fig. 5: Boxplots indicating the interacting effect of environmental harshness (aridity class) 
and gender on (A) respondents’ overall knowledge of forage plants (total free list length; 
Fortotal), and (B) respondents’ quantitative knowledge of crop plants providing forage 
(Forcrop). The asterisk indicates significant differences (P < 0.05) between gender 
affiliations within the respective aridity class, while letters give significant differences 
between gender affiliations across aridity classes. DSA=Dry semi-arid, MSA=Moist semi-
arid, DSH=Dry sub-humid and HUM=Humid. 
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Fig. 6: Interacting effects of environmental harshness (aridity class) and age (age class) 
on respondents’ overall knowledge of forage plants (Fortotal). Asterisks indicate significant 
differences between aridity classes in the respective age-class (at P <0.05), while letter 
codes represent significant differences across aridity classes for young, middle-aged and 
old adults, respectively. DSA=Dry semi-arid, MSA=Moist semi-arid, DSH=Dry sub-humid 
and HUM=Humid. 
The interacting effect of ethnicity and gender significantly influence how many Forherb 
informants were able to recall during free list tasks (X2 = 11.2, p = 0.004, see Table 1C). 
The amount of variance explained in LEK of Forherb was 30 percent. For Dagbani and 
Gurunsi ethnic groups, men were found to be more knowledgeable in the citation of Forherb 
than women, while both sexes for Mossi ethnic group, on the contrary, had comparable 
LEK of Forherb (Fig. 7A). Our hypothesis that men generally have a richer LEK of forage 
plants was sustained for Forherb cited by Dagbani and Gurunsi informants but surprisingly 
not for Mossi informants. Post hoc tests revealed that the difference in average free listed 
Forherb for Dagbani men and women (2.80 forage plants) was almost two-fold higher than 
both sexes for Mossi (0.68) and marginally higher than Gurunsi (1.35) ethnic groups. This 
result showed the dominance of Dagbani tribe in the citation of Forherb in comparison to 
other selected tribes. Interestingly, while intra-gender variability for men had a similar 
pattern as that of inter-gender variation for the three ethnic groups, women, on the other 
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hand, exhibited equal knowledge distribution for LEK of Forherb among themselves (Fig. 
7A). The amount of explained variance (conditional R²) was only 27 percent. 
Gendered LEK of Forherb was significantly modulated by the different ethnic groups to 
which local agro-pastoralists belong. Our alternative hypothesis was upheld for LEK on 
Forherb as men were more profoundly knowledgeable than women for both Dagbani and 
Gurunsi ethnic groups. This finding corroborates other ethnobotanical studies on forage 
plants in Northeastern Brazil (Nunes et al. 2015), use of medicinal plants in Benin 
(Houessou et al. 2012), botanical knowledge on herbaceous species in Niger (Ayantunde 
et al. 2008) and wild timber species and their uses in Mexico (Estrada-Castillón et al. 
2014). Our finding is rather diametrically opposed to Sop et al. (2012) who stated that 
gender was not a significant determinant in the valuation of woody plants among three 
different tribes in Burkina Faso. The different gendered LEK on Forherb might be ascribed 
to three possible reasons. Firstly, men are usually regarded as the herdsmen responsible 
for herding of livestock in many traditional societies. This makes it possible for them to 
encounter many more Forherb than women who largely engage in household chores. This 
assertion is made in a large body of ethnobotanical literature (Ayantunde et al. 2008, 
Estrada-Castillón et al. 2014, Nunes et al. 2015). Secondly, large-scale agricultural 
activities (e.g. clearing ‘virgin’ lands) are usually done by men, exposing them frequently 
to different types of Forherb. Thirdly, men might have more interest in learning about names 
on Forherb than women do in relation to their cultural upbringing. However, similarity in 
LEK on Forherb for both sexes among Mossi informants could either be influenced by equal 
gender exposure to and interest in Forherb based on place-specific social division of labor 
in gender lines plays no significant role in shaping their level of LEK on Forherb. Also, 
prevailing local environmental conditions may play an indirect role in explaining such 
variations in LEK on Forherb. This is partly evidenced by the fact that Mossi informants 
who occupied the driest part of our study areas cited fewer number of Forherb as compared 
to Dagbani and Gurunsi groups situated in humid and moist semi-arid areas, making it 
easier for Mossi men and women to learn vernacular names of Forherb. The cultural 
embedding of LEK on Forherb partly explained why the ethnicity-based model marginally 
out-performed that of the aridity-based.  
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Furthermore, we also found a significant interacting effect of gender affiliation and ethnic 
background of local agro-pastoralists’ LEK on Forwood (X2 = 23.3, p = <0.001, Table 1). 
Follow-up pairwise comparisons and ocular observations of the medians for citation of 
Forwood interestingly revealed a trend which is diametrically opposed to LEK on Forherb for 
same Dagbani ethnic group; in which women rather exhibited a significantly higher LEK 
of Forwood than men (Fig. 7B). Conversely, both sexes exhibited comparable LEK of 
Forwood for Gurunsi and Mossi tribes (Fig. 7B). These results did not support our 
hypothesis when it came to recalling of Forwood. In terms of intra-gender variation in LEK 
on Forwood, Dagbani women, on average, showed significantly higher LEK on Forwood than 
those with Gurunsi (4.76) and Mossi (3.88) ethnic backgrounds. Gurunsi and Mossi 
women showed similarity in LEK of Forwood, although the latter cited slightly higher (but 
statistically insignificant) than the former (Fig. 7B). It was also revealed that intra-gender 
variability in LEK of Forwood among men was almost comparable across the three 
dominant ethnic groups (Fig. 7B).  
Interestingly, unlike LEK on Forherb, women rather cited significantly higher number of 
Forwood than men for the Dagbani ethnic group. Our alternative hypothesis regarding 
gender effect on forage-related LEK was therefore falsified for LEK on Forwood. 
Unexpectedly, an informant with the highest number of individual forage plants species 
cited (49) was a Dagbani woman, who was believed to be a ‘cowgirl’ (a young girl taking 
care of livestock in the field) in the past. This shows that when women are asked in their 
area of interest, they are able to perform even much better than men. The strong gender-
specific social division of labor in such rural communities coupled with frequent 
involvement of women in firewood collection, cooking with edible tree leaves, collection 
of fruits and seeds for consumption, caring for browsers (e.g. goats and sheep) and 
general home-keeping, go a long way to shape their gendered LEK on Forwood. Our finding 
above supports Estrada-Castillon et al. (2014), who reported that women averagely knew 
more wild medicinal plants and their uses than men in the Mexican municipality of 
Rayones. 
We also found evidence that both men and women belonging to Gurunsi and Mossi ethnic 
groups had similar LEK on Forwood. This finding suggests that although men and women 
have got their traditional roles to play, this social division of labor does not have profound 
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influence on their level of LEK on Forwood. The main ethnicity effect on LEK of forage 
plants is coming from the Dagbani ethnic group.  
 
Fig. 7: Interacting effects of gender and cultural setting (ethnicity; with Mossi living in the 
more arid north, and Dagbani living in the more humid south of the study area) on (A)   
respondents’ quantitative knowledge of herbaceous plants (Forherb), and (B) respondents’ 
quantitative knowledge of woody forage plants (Forwood). Asterisks indicate differences 
between males and females within ethnic groups (at P < 0.05), while different letters 
indicate differences between males and females across ethnic groups. 
It was also evident that the residential status of local agro-pastoralists was found to have 
a significant influence on LEK of Forwood (X2 = 4.01, p = 0.045, Table 1).  For all free list 
tasks conducted, the natives composed of 86 percent and migrants (14 percent). The 
former cited a marginally higher number of Forwood than the latter (Table 1). This reflects 
much deep understanding of forage species suitable for livestock production by the 
natives vis-a-vis the migrants. 
Additionally, the PERMANOVA results revealed significant differences for the terms 
‘aridity class’’ and ‘‘gender’’ and a significant interaction between these two factors 
regarding LEK patterns in the citation of forage plants (Table 2). All the four levels of 
aridity class (with six possible combinations) were significantly different (pairwise 
comparisons not shown). There was also a significant difference between men and 
A B 
♀
♂ 
a 
x 
a 
x
a 
y 
a 
x
a 
x 
b 
x 
* *
*
49 
 
women (Table 2). We thus expected a marked differentiation in among males and females 
for the four aridity classes. However, the nMDS ordination for LEK on Fortotal largely 
showed overlapping patterns, except for both sexes in humid areas as compared to those 
in arid locations (Fig. 8). The PERMANOVA analysis for age class (including interaction 
with aridity class) using Fortotal (results not shown) was insignificant, suggesting no distinct 
patterns among age groups in various aridity class. The inferior ethnicity-based model for 
LEK of Fortotal showed similar PERMANOVA results (not shown). 
Table 2: PERMANOVA results for aridity class and gender in explaining patterns of LEK 
on Fortotal. Df = degrees of freedom, SS = sum of squares, MS = mean sum of squares, 
Pseudo-F = false F statistic, P = PERMANOVA P value.  
Factor Df SS MS Pseudo-F P 
Aridity 3 20.2 67.3 44.1 <0.001*** 
Gender 1 11.1 11.1 72.6 <0.001*** 
Aridity x Gender 3 11.3 0.38 24.6 <0.001*** 
Residual 352 53.8 0.15   
Total 359 76.2    
 
 
Fig. 8: Two-dimensional non-metric multi-dimensional scaling (nMDS) ordination of 
sample units in species spaces. Greatest stress reduction was achieved with a 1-
dimensional solution, having a stress value of 39.3 percent and a final instability < 
0.00284 achieved after 200 iterations.  The 11,12,13,14 represent females living in dry 
semiarid, moist semiarid, dry sub-humid and humid respectively while 21, 22, 23, 24  
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indicate males resident in aforementioned aridity classes. Axis 1 explained about 43 
percent while axis 2 explained about 22 percent, totaling about 65 percent of variance 
explained. 
4.4.4 Local climate change and variability implications for LEK accumulation of 
forage resources  
Some local farmers’ perception surveys on climatic variability (Mertz et al. 2009, Mertz et 
al. 2012) and associated adaptation strategies (Mertz et al. 2011) have been conducted 
in the Sudano-Sahelian region of West Africa and elsewhere (Smith Jr. et al. 2014). The 
decline in the average number of particularly Forherb, Forcrop and Forwood reported in this 
study by local informants from more humid to more arid villages is attributable to impact 
of water scarcity on the productivity of these forage types. Niang et al. (2014) said that 
climate change does not only have direct impact on crop production by causing varied 
degree of yield reductions in major cereal crops as a result of water unavailability across 
Africa but also an indirect negative effect on livestock raising. Rain-fed crop production is 
said to be more sensitive to climate factors than livestock (Mertz et al. 2011). Thus, the 
local perception of Forwood, Forherb, and Forcrop as crucially important forage sources for 
livestock production might be a coping strategy, largely informed by prevailing local 
environmental stress.   
Climate change does not only pose potential major threats to global biodiversity but also 
potentially incapacitates proper local ecosystems functioning, e.g. species regime shift or 
local extinction (Rinawati et al. 2013). Reduction in biodiversity may eventually lead to 
reduced adaptive capability of LEK holders and subsequent loss of vital LEK on forage 
plants in the near future (Koohafkan and Cruz, 2011). This then could make less-
resourced rural communities extremely vulnerable to negative impacts of climate change. 
That being said, local people still thrive to cope with such changing weather conditions 
and species composition in the face of global climate change. Therefore, by analyzing 
how local people’s socio-demographic characteristics and weather conditions influence 
the way they behave in the face of adverse environmental conditions such as droughts 
and poor harvests, is imperative in developing mechanisms for conservation of 
ecosystem goods and services (including forage plants) for sustainable livestock 
production.  
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4.5 Conclusion  
Our findings reiterate the point that LEK is unevenly shared among local resource users 
and can be better understood when it is assessed based upon site- and context-specific 
factors of interest. Thus, the high variability of LEK on forage plants among local agro-
pastoralists in our study is indicative of the intrinsically flexible nature of LEK acquisition 
and transmission as opposed to well-established western scientific approach. This neither 
points to inferiority nor superiority of either knowledge system (Briggs 2005), but both can 
rather play a complementary role. It is also established in this study that levels of LEK 
distribution considerably vary depending upon various components of LEK in question. 
Given our findings, LEK is capable of generating a great deal of information on diversity 
and abundance of forage species necessary for livestock production. With this 
understanding in mind, policy makers and local project implementers should endeavor to 
take into account the unique socio-cultural settings of participating local people and 
communities. Our findings throw more light on how cultural backgrounds and 
environmental harshness can markedly modulate LEK on overall forage plants in the face 
of global climate change. Better understanding of such a place-based knowledge system 
is essential for sustainable forage plants utilization and livestock production to help 
improve upon the livelihoods of the rural poor. Hence, the findings of this ethnobotanical 
research could serve as a springboard for interested researchers to investigate various 
aspects of LEK as well as for local agricultural extension officers and policy implementers 
in this under-researched study region and beyond to design pro-poor developmental 
plans with these local beneficiaries in mind. 
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5 Do local agro-pastoralists have criteria for valuation of forage resources in West 
African Sudanian savannas? – Using a quantitative ethnoecological approach 
5.1 Chapter abstract and highlights 
In the face of global environmental change, rural households in the West African 
savannas are not only confronted with scarcity of water resources but also have to cope 
with limited forage resources to feed their cattle, goats and sheep in both wet and dry 
seasons based on their local knowledge. However, there is very little systematic 
knowledge documentation on local agro-pastoralists’ valuation criteria for forage 
resources in this part of the world. Hence, we aim at examining (1) which forage resources 
are perceived relevant for different seasonal and livestock types, (2) local agro-
pastoralists’ explicit valuation criteria for forage resources and their associated salience 
and (3) how socio-demographic of informants and climatic aridity affect local valuation 
criteria. To address these aims, we set out to undertake 526 ethnoecological interviews 
in 16 villages in northern Ghana and southern-central Burkina Faso coupled with 
vegetation sampling of 144 plots using 20m x 50m per plot. We applied rigorous model 
selection procedures with generalized linear mixed-effects models and calculation of 
cognitive salience indices. Our results revealed that the majority of the agro-pastoralists 
regarded herbaceous forage plants to be very palatable for livestock consumption in the 
rainy season and for cattle while woody vegetation and crop-related forage plants were 
rather perceived to be more important in the dry season and for goats and sheep. The 
findings also indicated that climatic aridity significantly influenced how many forage-
related valuation criteria were cited by agro-pastoralists for different seasonal and 
livestock types. We found that agro-pastoralists did not only judge forage plants based 
on their availability but also on other criteria such as palatability, stimulation of milk 
production or their contribution to a healthy growth of livestock. We conclude that 
understanding local agro-pastoralists’ valuation criteria for natural forage resources is 
crucially important for species conservation and sustainable rural agriculture.  
Highlights: 
x Herbaceous forage plants are most valuable in the rainy season and for cattle. 
x Woody and crop plants are most salient for the dry season, goats and sheep. 
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x Aridity significantly influenced agro-pastoralists’ local valuation criteria in northern 
Ghana and Southern-central Burkina Faso. 
x Healthy growth of livestock was consistently highest underlining reason of ranked 
forage resources. 
x A mixture of varied forage sources is good for different seasons and livestock 
types. 
5.2 Introduction  
Drylands constitute approximately 41.3 percent of the terrestrial landmass of our planet 
(MEA 2005), while 90 percent of whom live in developing countries (Reynolds et al. 2007). 
These global drylands have expanded in the last six decades and will continue to expand 
in this 21st century under a warming climate (Feng and Fu 2013). Such expansion of 
global drylands will negatively affect many people, especially rural  farmers (Feng and Fu 
2013) and lead to decline in natural forage resources for livestock grazing. The main 
source of livelihood for about 1.3 billion smallholder farmers worldwide is said to be 
agriculture, which is particularly susceptible to impacts of climate change (World Bank 
2008). Being well-known as the backbone of the West African  economy, the agricultural 
sector employs over 50 percent of the labor force in Ghana (Kolavalli et al. 2012) and 
about 80 perent of the economically active population in Burkina Faso (CalloǦConcha et 
al. 2012). 
The West African Sub-Sahara (WASS) is characterized by a semi-arid climate with a high 
rainfall variability and regarded as one of the poorest regions in the world (Mertz et al. 
2011). Thus, such high degree of inter- and intra-annual rainfall variability in this region 
not only causes highly variable forage quality and quantity but also seriously limits other 
ecosystem provisioning services (MEA 2005, Heubes et al. 2011, Jalloh et al. 2012) and 
therefore aggravates the living conditions of the vulnerable rural poor (Niang et al. 2014).  
In spite of  climate-related risks and human-induced impacts on the rural populations, 
local farmers persistently cope with such challenges and still forge ahead to meet their 
daily basic needs of life (Mortimore and Adams 2001). For instance, local pastoralists in 
the semi-arid Morocco have been reported of using their ‘old strategies’ to adapt to the 
new, changing climate (Korbinian et al. 2014) for their survival.  
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Across semi-arid environments like Ghana and Burkina Faso, several studies have used 
local ecological knowledge (LEK) approach to investigate savanna trees including their 
use value and management (Kristensen and Balslev 2003, Lykke et al. 2004, Hansen et 
al. 2012, Sop et al. 2012, Pouliot and Treue 2013, Zizka et al. 2015) or analyzed pastoral 
management patterns in the West African regional context (Bassett and Turner 2007, 
Krohmer 2012).  
According to the ecological apparency hypothesis, EAH (Lucena et al. 2007, 2012), the 
apparent plants are commonly used and highly valued by beneficiary users as compared 
to the fewer and smaller ones. Literature has also shown that elaborate LEK studies on 
different forage plants, including their palatability, phenology, life history and availability 
on local pastures are of crucial importance (Bollig and Schulte 1999, Fernandez-Gimenez 
2000, Roba and Oba 2009). Thus, the valuation of forage resources by local land users 
is a crucially important component of an adaptive natural resource management 
(Linstädter et al. 2013).  
Unfortunately, however, local valuation criteria for available forage resources from agro-
pastoralists are still vastly under-documented particularly in the West African Guinean 
and Sudanian savannas. Moreover, factors which influence local agro-pastoralists’ 
decisions on whether forage resources are good or not for sustainable livestock 
production still remain elusive. To our knowledge, no such quantitative ethnoecological 
study has focused on this aspect of LEK in northern Ghana and southern-central Burkina 
Faso, except this study. In this study, we do not only focus on studying local valuation 
criteria for herbaceous forage plants (grasses and forbs) but also consider woody and 
crop-related forage plants used by commonly domesticated livestock, considering these 
livestock types do have varied feeding preferences. We hypothesize that the local 
valuation of forage resources is based on several criteria during different seasons (wet 
and dry) and for different livestock types namely cattle (Bos taurus L.), goats (Capra 
hircus L.) and sheep (Ovis aries L.). It is estimated that about 25 percent of cattle, 33 
percent of sheep and 40 percent of goats are reared among smallholder farmers in the 
WASS (SWAC/OECD 2008). We also presume that identifying plants or groups of plants 
that are judged as important by local people can effectively assist the conservation and 
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management of keystone natural forage plants and thus ensure the reproductive success 
of livestock. The major objectives of this study are:  
1. To find out forage types crucially relevant for livestock consumption in different 
seasonal contexts. 
2. To identify local criteria for valuation of forage plants among agro-pastoralists and 
to assess their salience for livestock production.  
3. To investigate how the socio-demographic and climatic aridity variables affect the 
citation of local valuation criteria for forage resources.  
5.3 Materials and methods 
5.3.1 Environmental setting  
The ethnoecological surveys among local agro-pastoralists encompassed northern 
Ghana and southern-central Burkina Faso. This wider study area covers about 530 x 
200km2 north-south extension (Ferner et al. 2015), representing a steep climatic aridity 
gradient within the West Africa’s Guinean and Sudanian savannas (Fig. 9). Thus, the 
southern part of the study area covers the Ghana side with dry sub-humid conditions to 
humid while the northern portion of it encompasses Burkina Faso with harsher, drier semi-
arid weather conditions. The intermediate aridity class (moist semi-arid) lies in-between, 
making four climatic aridity classes delineated for this study.  
The climate of the study area is characterized by a unimodal rainy season starting from 
April to October in the south and around May to August in the north. The mean annual 
precipitation (MAP) in the southernmost part ranges between 800mm and 1500mm 
(Oppong-Anane 2006). The MAP for the intermediate climatic zone declines to about 
700mm to 1200mm (Blench 1999) and then further falls to about 750mm to 950mm in the 
northern part of the study area in Burkina Faso (Nacoulma et al. 2011). Farming activities 
are predominantly undertaken by local agro-pastoralists in the rainy season. The 
harmattan period (dry season) begins in December and ends in March in both countries. 
The vegetation of the study area is characterized by open dry savanna type. Outside 
protected areas, the sparse tree layer mostly consists of economically important trees 
and shrubs such as the sheanut tree, Vitellaria paradoxa, or the baobab, Adansonia 
digitata (Traoré et al. 2013, Ouédraogo et al. 2015). Some tree species which contribute 
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to ruminant nutrition include Afzelia africana, Pterocarpus erinaceus and Piliostigma sp 
for cattle in particular while Balanites aegyptiaca, Ziziphus mauritiana and Acacia sp are 
primarily fed on by small ruminants (Zampaligré et al. 2013). The grass layer in the 
northern Sudanian pastures in Burkina Faso is dominated by Andropogon pseudapricus, 
Loudetia togoensis, Aristida kerstingii, Dactyloctenium aegyptium and Digitaria 
horizontalis (Kagone 2006, Zampaligré et al. 2013). The southern Sudanian zone is 
similarly dominated by Andropogon sp while Hyparrhenia and Schizachyrium sp are co-
dominants in both northern Ghana and southern Burkina Faso (Kagone 2006, Oppong-
Anane 2006). The singular distinguishing vegetation feature is that, the northern 
Sudanian zone constitutes mostly patchy vegetation cover and many bare grounds 
(Zampaligré et al. 2013) and fewer tree species, while the southern Sudanian zone has 
a continuous herbaceous cover interspersed with fire-resistant and broad-leaved trees 
(Oppong-Anane 2006). We used varying degrees of aridity conditions in the study area 
to better understand how it influenced the citation of valuation criteria among local agro-
pastoralists in a consistent manner.  
5.3.2 Cultural setting  
Diverse ethnic groups inhabiting Ghana and Burkina Faso. However, for this study, we 
largely focused on three dominant ethnic groups living along the north-south climatic 
aridity gradient (Fig. 9), i.e. the Mossi in central and southern Burkina Faso, the Gurunsi 
living on both sides of the border between Burkina Faso and Ghana, and the Dagbani in 
northern Ghana (Chapter 4). These ethnicities share comparable agro-pastoral practices. 
Livestock husbandry (mainly cattle, sheep and goats) constitutes a crucial aspect of the 
livelihood strategies of people living in rural semi-arid West Africa (Turner et al. 2014). 
The Dagbani, Mossi, and Gurunsi agro-pastoralists engage in cropping systems 
(monoculture or rotational crop farming) as well as in animal husbandry by providing 
natural grazing pasturage platforms to their livestock so as to cope with the unpredictable 
precipitation patterns. Various crop residues are also considered to be vitally important 
and fed to domestic livestock due to declining quality and quantity of available natural 
forage resources such as herbaceous plants (Kagone 2006, Oppong-Anane 2006).  
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Fig.  9: Map depicting the three major ethnic groups in 16 rural communities and the 
climatic aridity classes located within northern Ghana and southern-central Burkina Faso. 
Source: Map by Gerald Forkuor. 
5.3.3 Study design and sampling approach  
For the study design, we adopted a three-way factorial design of 3 levels of ethnicity x 2 
levels of gender x 3 levels of age class (3 x 2 x 3), as explained in Chapter 4 above. To 
capture information on local valuation criteria for forage plants from local agro-
pastoralists, we also adopted a stratified random sampling based on important socio-
demographic characteristics such as ethnicity, age and gender (Chapter 4). This 
stratification of informants was replicated at each study site (village). The stratified 
random sampling was applied to collect representative data in the sampling population 
across ethnic groups, age classes, and gender affiliation. We randomly selected five 
study villages per ethnic group and further stratified per village by gender and age groups 
(Fig. 9). We adopted age class definitions from previous studies in West Africa’s Sudanian 
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savannas (Kristensen and Balslev 2003, Eguavoen 2013), and distinguished informants 
into young (15-35 years), middle-aged (36-55 years) and old (>55 years) adults. The 
ethnic and gender stratifications were also done based on dominant ethnic groups (e.g. 
Dagbani, Gurunsi and Mossi) and males and females respectively (Chapter 4). Thus, the 
villages were generally nested within ethnic groups or aridity classes during the sampling 
process (Fig. 9).  
Apart from the three main afore-mentioned variables, we also recorded the interviewees’ 
residential status and educational backgrounds. The majority (over 85 perent) of the 
informants in the study area are native residents (Chapter 4) and many of them are either 
illiterates or have only basic education. The native residents are those born and still living 
in the study villages or while migrant settlers are those who have moved from other 
villages and settled in the study villages for a number of years. The migrants and people 
with secondary and tertiary education are few in the research area. In sum, we covered 
526 informants in 16 villages (seven in northern Ghana and nine in southern-central 
Burkina Faso), out of which at least 30 informants were interviewed per village (Appendix 
2). This was done to disentangle the relative importance of these socio-demographic for 
valuation criteria among local agro-pastoralists in a consistent manner.  
5.3.4 Ethnoecological interviews  
Prior to the commencement of the face-to-face interviews, the structured questionnaires 
were pre-tested with two informants and fine-tuned so as to avoid too late questionnaire 
changes and to ensure easy understanding of our questions (Chapter 4). Considering the 
wide geographical spread and dialectical differences within the study area (see Fig. 9), 
we had to engage local field assistants from the three pre-determined ethnic groups 
(Dagbani, Gurunsi and Mossi) to help translate research questions from English into 
respective local dialects to local informants. The respondents’ answers were then 
documented in English. Knowing that different local assistants may affect delivery of 
answers from local farmers, we minimized their individual influences on answers given. 
Firstly, the first author adequately trained them, pre-tested questions and was personally 
present during interviews to ensure harmonization of the structured questions and 
associated answers given by local informants for documentation. Secondly, the different 
interpreters’ effects on answers were also reduced to the barest minimum by simplifying 
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questions which needed straightforward answers. Hence, we did not model the effects of 
local informants on the ethnobotanical information gathered since we consciously 
minimized such possible sampling error source. To gain local informants trust and their 
permission for the ethnobotanical surveys, we firstly went to the traditional chiefs and 
local authorities to ask for their permission and secondly proceeded to engage local 
informants whose consents were also sought prior to commencements of the individual-
based  interviews (Chapter 4).  
To better understand informants’ local valuation criteria for forage plants on pastures, we 
asked open-ended questions (free lists) in the same manner during the ethnobotanical 
interviews. This provided local informants equal opportunity to answer a similar set of 
questions for subsequent comparison of responses and allowing them to express their 
knowledge and understanding on forage resource utilization in their own terms. This was 
similarly done by Bryman (2004 ) and Kgosikoma et al. (2012).  
Following the free list tasks described in Chapter 4, local informants were asked to 
explicitly rank five fodder plants or crop residues from their free lists by starting from the 
most important to the least important fodder plants or crop residues for their livestock 
(cattle, goats and sheep). With respect to the seasonally variable importance of the free 
listed forage plants, we also explicitly asked local agro-pastoralists to separately cite and 
rank five of them particularly suitable for the dry season and the rainy season irrespective 
of livestock type. Regarding the local agro-pastoralists’ perceptions on grazing value 
(palatability ranking) of available forage plants, we similarly asked them to provide and 
rank five fodder plants or crop residues for each category of livestock. This was done 
because domestic ruminants have specific feeding preferences with regard to available 
forage plants. In addition, interviewees were also asked to list local plant species which 
are totally refused by their livestock. To better understand and appreciate why local 
informants explicitly ranked forage plants in terms of varied seasonal regimes and 
livestock-specific preferences, we further asked local respondents to provide their own 
ranking criteria to allow for further content analysis of their responses (see Appendix 1).  
5.3.5 Climate data collection 
The aridity stratification was done to determine whether climatic conditions did have a 
substantial effect on local forage valuation criteria provided by agro-pastoralists. As done 
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described in Chapter 4, we calculated a climatic aridity value for each village using the 
UNEP aridity index, AI (Middelton and Thomas 1997). Thus, AI = P/PET, where P = mean 
annual precipitation and PET = annual potential evapotranspiration. AI data were 
extracted from a high-resolution global raster climate database (http://www.cgiar-
csi.org/data/global-aridity-and-pet-database); which were modeled at 30 arc seconds 
(~1km at the equator) based on data available from the WorldClim database 
(http://worldclim.org/version1).   
5.3.6 Vegetation sampling strategy 
We firstly set out to specifically select sample plots near to villages where the 
ethnobotanical interviews were conducted. To obtain ecological data on the tree layer, a 
standard Whittaker plot size of 20m x 50m (Whittaker 1977) was used. We then placed 
the Whittaker plots using different topographic gradient (upland, mid-slope, and lowland 
slopes) to maximize the homogeneity of the vegetation composition within our research 
area. We placed three Whittaker plots per each slope position, totally nine plots per 
village. The relatively large plot size was chosen to take account of the patchy distribution 
of trees and shrubs and to capture most forage species at the sites.  
For each Whittaker plot, a complete census of trees and shrubs was done and all the 
tree/shrubby species were counted, identified and recorded. Thus, the stratified 
vegetation sample plots were located in proximity to villages (plots not further than 10km 
from villages) in which the predetermined dominant ethnic groups lived with the aim to 
avoid spatial autocorrelation. We then replicated the sampling strategy in all sixteen 
villages sampled, totaling 144 plots. This made it possible to subsequently match 
ethnobotanical and ecological datasets for better understanding the available forage 
resources utilization by local. 
5.3.7 Voucher specimen preparation 
Following the ethnobotanical interviews, we made substantial efforts to search and collect 
the cited forage plant species with the involvement of at least two knowledgeable local 
farmers from selected rural communities via ethnobotanical walks coupled with participant 
observation sessions (Nunes et al. 2015). This was necessary since we did not have 
already prepared plant species to let local informants identify them. The collected forage 
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plants (especially wild herbaceous and woody plants) were then herbarized according to 
standardized procedures such as labeling the specimens with a local name, date of 
collection, habitat/location of collection and collector’s name. The taxonomic 
nomenclature of the herbarized forage plants was subsequently done at the University of 
Ouagadougou, Burkina Faso via assistance from a well-trained technician and confirmed 
in the Senkenberg Institute in Germany. However, forage plant species (herbaceous or 
woody) which were already identified with a high degree of certainty on the field were not 
herbarized (see Chapter 4).  
The taxonomic nomenclature of forage plants follows The Plant List (2013). As 
recommended by Nolan and Robbins (1999), we cross-checked vernacular names 
obtained from the Mossi, Gurunsi and Dagbani with already published vernaculars (e.g. 
Kristensen and Balslev 2003, Blench 2006, Belem et al. 2007, Thiombiano et al. 2012, 
Zizka et al. 2015). The vernacular names given by indigenous people (in their own 
dialects) usually, reflect a wide spectrum of vital information on their understanding of 
such plants (Singh 2008). However, not all cited species were herbarized due to two 
reasons: (i) unavailability of cited forage species at the time of field research and were 
unknown scientifically (see Appendix 16) and (ii) taxonomic names were already known 
by the researchers especially crop plants and common food or economically important 
trees.  
5.3.8 Data analysis  
Reconciliation of vernacular and scientific names of forage species (Linstädter et al. 2013) 
was necessary because no scientifically pre-identified specimens of forage plants were 
used for the free list tasks. Thus, vernacular plant names given by local informants during 
the ethnobotanical interviews were subsequently matched to taxonomic names of such 
forage plants to establish their identities scientifically.  
Also, we conducted descriptive statistics on the occurrence of groups of forage resources 
(e.g. trees/shrubs, herbaceous grasses/forbs and crop-related forage plants) as explicitly 
ranked by local agro-pastoralists during the ethnobotanical interviews. Thus, the 
suitability of cited forage species were ranked on the basis of seasonal differences (rainy 
and dry seasons) and livestock-specific preferences (cattle, goats, sheep). This was done 
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with the aim to determine which forage resource types were mostly considered as most 
suitable or palatable for varied seasonal and livestock types in the research area.  
To quantitatively examine the salience of the explicitly ranked forage species in different 
local settings, we applied the cognitive salience index, CSI (Sutrop 2001), which is based 
upon the frequency of forage species cited (F) and the mean position (mP) on free lists 
and sample size (N) for informants. Thus, CSI = F/[N*mP]. The higher the CSI the higher 
the cultural importance (salience) of a forage species to the local informants (Thompson 
and Juan 2006).  The CSI ranges from zero to one. The CSI values were calculated for 
each seasonal and livestock type considered in this study. Before detailed CSI analyses 
were carried out, we excluded forage species with no scientific information for only 
ethnobotanical-based data (CSIethno) in order to ensure clarity in the explanation of the 
forage species salience results (also see Linstädter et al. 2013). For all CSI-related 
analyses in this paper, we employed the ANTHROPAC 1.0  (Borgatti 1996) statistical 
software.  
Additionally, for the plot-based data or the ecological-based data (CSIplot) collected at 
various topographic positions in nearby local landscapes, where ethnobotanical 
interviews were done, we equated forage species as they were recorded per plot as a 
free list of forage species provided by an individual respondent so as to apply the CSI 
formula above, as done by Linstädter et al. (2013). Thus, for the CSIplot calculations on 
encountered forage species, we quantified salience of a forage species as follows: F = 
the frequency of forage woody species as recorded on all sampled plots, mP = the mean 
position of recorded forage species as encountered on the plots and N = the total number 
of plots sampled in all study sites, be it forage or non-forage species on the plots. With 
this statistical approach, we were able to later link CSIethno and CSIplot in order to establish 
any point of convergence with respect to forage plants availability, frequency, abundance 
and salience. We only focused on woody vegetation on the Whittaker plots (20m x 50m) 
and left out also sampling the herbaceous layer on same plots for practical reasons. 
In a similar vein, we treated the ‘why’ answers as free listed items and calculated the CSI 
values (as stated above) for valuation criteria for cited forage resources mentioned by 
local agro-pastoralists for livestock production and management, since they were asked 
to cite, as many as possible, their local valuation criteria for available forage resources. 
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This innovative statistical approach provides information to quantitatively assess the 
salience of such valuation criteria or collective judgment of locally available forage plants 
for their livestock consumption and growth. In analogy to the CSIethno described above, F 
= the number of times a particular reason (valuation criteria) was mentioned by an 
informant, mP = the mean position of a given reason by an informant and N = the total 
number of agro-pastoralists interviewed in the study region. 
Furthermore, to examine the effects of socio-cultural and climatic variables on the citation 
of explicit valuation criteria of forage resources by local agro-pastoralists, we performed 
a series of generalized linear mixed-effects models (GLMM) with a Poisson error 
distribution and a (log) likelihood-based model selection procedure (Zuur 2009, Naah and 
Guuroh 2016), eliminating non-significant effect or interaction-terms (Ruppert et al. 2015). 
Thus, we treated the number of different kinds of valuation criteria for rainy season (CriRS), 
dry season (CriDS), cattle (Cricattle), goats (Crigoats) and sheep (Crisheep) cited by the local 
informants as count response variables, while the socio-cultural and environmental 
settings as predictor variables (ethnicity, aridity class, age class, gender, educational level 
and residential status), representing the fixed-effect terms. It is important to note that age 
class and educational level were modeled as ordered factors while ethnicity, aridity class, 
gender and residential status were used as just factors in the model selection process. 
Also, we used aridity class as a categorical variable instead of it as a continuous variables 
in the model selection process because of easy comparison of such results to that of 
ethnic group as a categorical variable. Moreover, in modeling aridity class as a continuous 
variable, the results were not significantly different from that of the aridity class. 
From our correlation-matrix obtained using principal components analysis (PCA) analysis 
on the predictor variables considered for this study with varimax rotation (see Appendix 
7), the ethnicity and climatic aridity variables were found to be collinear. We then 
established two separate initial global models (ethnicity-based and aridity-based models), 
which differ in terms of inclusion of either of these terms, for each CriRS, CriDS, Cricattle, 
Crigoats and Crisheep, totaling ten competing models. This was done to assess the relative 
importance of ethnicity and aridity variables in determining the valuation of forage 
resources by local agro-pastoralists. 
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Since we implemented a nested design in our stratified study, whereby villages/sites were 
nested within either ethnic groups or aridity classes, we used (1|Village/aridity class or 
ethnic group) as our random (intercept) term. This was done to account for potential site-
specific differences (Ruppert et al. 2015). This then means that p- values in our results 
only reflect the main effects or interacting effects of the fixed-terms but not taking into 
account the possible effect of site/village on differences in the local valuation criteria for 
forage resources in the GLMM approach used. For the final models in all cases, we 
evaluated them based on their respective Akaike Information Criterion (AIC) values. We 
then selected the most parsimonious model as the final model, following the principle of 
parsimony (Crawley 2002) and performed further analyses. The finals models were 
subsequently analyzed by using ANOVAs (Type III) and Turkey contrasts to determine 
multiple comparisons of means. The Marginal, Rm2 (variance explained by only the fixed 
terms) and Conditional, RC2 (variance explained by both fixed- and random terms) in the 
responses were calculated. Statistical assumptions were graphically checked by plotting 
residuals to check normality of errors and homogeneity of variance (Zuur et al. 2010). In 
our data analysis, we did not encounter over-dispersion problem (where the variance is 
greater than the mean). The model selection procedures, ANOVAs analysis and R2 were 
performed with the lme4 and R2GLMM (best) packages in R statistical software v.3.2.0 (R 
core team 2015), while the exploratory analyses were carried out with IBM SPSS version 
23 (Fields 2013, Chapter 4). 
5.4 Results and discussion 
5.4.1 Seasonal and livestock-specific rankings and salience of forage species 
among local agro-pastoralists 
Our findings revealed that 73 percent of the local agro-pastoralists perceived herbaceous 
plants (grasses and forbs) to be most palatable/suitable for feeding domestic livestock in 
the rainy season as compared to 27 percent who regarded crops (fresh crops/crop 
residues) and woody vegetation (trees and shrubs leaves) as most suitable for their 
livestock in the same season (Fig. 10A). This may be explained by the fact that grasses 
and forbs are fresher, more nutritious and highly digestible at their early phenological 
growth stage for livestock consumption in the rainy season. It may also be due to the 
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herbaceous plants being considered as primary food sources for livestock consumption 
as well as being more abundant forage plants. Thus, there may be no urgent need for 
animals themselves or livestock owners to look for supplementary feeds such as crop-
related forage and leaves of trees and shrubs in this season, suggesting that savanna 
grasslands are very important for livestock during the rainy season.  
Nonetheless for the dry season, approximately 57 percent and 33 percent of local agro-
pastoralists highly ranked crops and woody vegetation respectively (compared to 10 for 
the herbaceous forage plants; Fig. 10B). This may be largely attributable to scarcity or 
unavailability of good herbaceous forage plants, on the one hand, and tree leaves and 
crop residues are readily available in the harsher dry season on the other hand. A similar 
study done in the semi-arid region of northwestern Brazil by Nunes et al. (2015) also 
reported that informants cited more herbaceous forage species for the rainy season than 
for the dry season while vice versa was true for the citation of woody forage species by 
informants, indicating how climatic factors modulate forage quality and quantity. Duku et 
al. (2010) stated that smallholder farmers ranked their feed sources for small ruminants 
based on a multiplicity of reasons such as their availability palatability, proximity, 
abundance, reliability and health risks in the transitional zone of Ghana. However, this 
study and others failed to quantify the salience of valuation criteria of locally available 
forage species. We also calculated the cultural importance or salience of reasons 
provided by local agro-pastoralists for the explicitly ranked forage plants in this study as 
discussed in Section 3.2 beneath for more details.  
Comparing only the preferential ranking of herbaceous forage plants for domestic 
livestock across different seasons, we found a very sharp decline from the wet season to 
the dry season. However, forage crops and woody vegetation increased strongly when 
comparing both seasons across forage types (Figs. 10A and 10B). This reflects the deep 
understanding and perception of local people on the dynamics of forage value which 
enable them to provide alternative feeding materials for their livestock in the face variable 
precipitation patterns. The results also suggest that crop residues are twice preferred over 
woody vegetation in the lean (dry) season. As indicated by Waziri et al. (2013), having 
knowledge in various constituents of livestock feed is pivotal to production and 
productivity. About 60 percent of livestock feeds that are provided by rural population 
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come from crops and crop residues (J. B. Walier, Head of Crop Division, MOFA, 
Bolgatanga-Personal communication). 
Regarding livestock-specific preferences, our results revealed that the preferential 
rankings for cited forage resource types by local agro-pastoralists were different for 
targeted livestock types irrespective of the seasonal type. Local agro-pastoralists reported 
that cattle liked herbaceous forage plants more than goats and sheep (Fig. 10C). 
Conversely, goats and sheep liked crop-related forage plants more than cattle (Figs. 10D 
and 10E). Similarly, this is true for woody vegetation. Goats and sheep tend to tree and 
shrub leaves as good feed sources more than cattle (Figs. 10D and 10E). These findings 
do support existing scientific literature (Guevara et al. 2008) in that, cattle are mainly 
described as grazers, goats are generally browsers and sheep are considered as 
intermediate feeders. The different preferences of these commonly raised livestock types 
for herbaceous composition, woody vegetation and crop-related forage plants can be 
used to increase forage utilization and efficiency, suggesting the importance of integrated 
feeding mechanism usually employed by local land users to be resilient in times of 
extreme weather conditions for sustainable livestock production and management.  
In terms of individual forage species ranked across all climatic aridity classes established 
in this study, Pennisetum pedicellatum Trin was adjudged the most salient herbaceous 
species with cognitive salience indices (CSIs) of 0.41 and 0.30 for the rainy season and 
cattle respectively (Figs. 11A and 11B). For the dry season as well as  goats and sheep, 
Arachis hypogaea L. was regarded as the topmost salient forage species with CSI values 
of 0.32, 0.28 and 0.30 respectively as well as nine other forage species with the topmost 
CSI values for targeted seasonal and livestock types (see Figs. 11C, 11D and 11E). 
Among the many underlying reasons given by local agro-pastoralists for their ranked 
forage plants including P. pedicellatum Trin and A. hypogaea L. discussed in the following 
Section 3.2, these two forage plants have been found to have very high nutritional quality 
such as high crude protein, crude fiber, ash content, calcium/carbohydrates, fatty acid, 
amino acid and in vitro digestibility profiles (Campos-Mondragón et al. 2009, Waziri et al. 
2013). This may make them most suitable to livestock and in turn highly ranked by local 
farmers. As an annual, P. pedicellatum Trin tends to grow faster during the growing (rainy) 
season and has more abundant leaves compared to Andropogon gayanus Kunth (Waziri 
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et al. 2013). The dominance of the Poaceae and Fabaceae families from which many 
forage species come do reflect their high forage potential, as reported in several 
ethnobotanical studies in the region (Zizka et al. 2015, Naah and Guuroh 2016) and 
elsewhere (Bahru et al. 2014, Nunes et al. 2015). 
   
  
   
 
 
Fig. 10: Proportions of forage plants types ranked by local farmers as most palatable or 
suitable during rainy and dry seasons and for cattle, goats and sheep production. 
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Fig. 11:  Cognitive salience indices of the 10 most commonly cited individual forage 
species by agro-pastoralists in descending order in 16 villages located in Northern Ghana 
and Southern Burkina Faso. Note: Penn.pedi=Pennisetum pedicellatum Trin, 
Zea.mays=Zea mays L., Sorg.bico=Sorghum bicolor (L.) Moench, Rott.coch=Rottboellia 
cochinchinensis (Lour.) W. D. Clayton, Arac.hypo=Arachis hypogaea L., 
Eleu.indi=Eleusine indica (L.) Gaertn, Andr.gaya=Andropogon gayanus Kunth, 
Pter.erin=Pterocarpus erinaceus Lam., Digi.hori=Digitaria horizontalis Willdenow, 
Vign.ungu=Vigna unguiculata (L.) Walp, Ficu.syco=Ficus sycomorus L., Afze.afri=Afzelia 
africana Smith ex Pers., Faid.albi=Faidherbia albida (Del.), Mani.escu=Manihot esculenta 
Crantz and Caja.caja=Cajanus cajan (L.) Millsp. 
5.4.2 Salience of explicit criteria for valuating forage resources for livestock 
production and management among agro-pastoralists 
We have found that local informants judged individual forage plants (see Section 3.1 
above) based on a myriad of reasons. The findings of this study support our hypotheses 
that the local valuation of forage resources is based on several criteria during different 
seasons and for different livestock types. Among many other reasons, the healthy growth 
of livestock was consistently stated as the most important underlining criterion for ranking 
forage resources for all seasonal and livestock types (Table 3). However, the availability 
or apparency of forage resources, as a criterion for valuating them, is contingent upon the 
seasonal type considered by local informants. Thus, the fresh grasses and forbs were 
adjudged by local informants as very important because herbaceous forage species were 
readily available during the rainy season. This was also true for crops/crop residues and 
leaves of trees/shrubs which were seen as very suitable for feeding livestock in the dry 
season. This may also account for similar reasons outlined in Section 3.1 above. 
Additionally, the perceived livestock desires (e.g. cattle, goats and sheep) and forage 
palatability at a young phonological stage were very strong reasons for ranking of forage 
species (see Table 3). The reason of livestock growing fat after feeding on a particular 
forage plant is a very salient criterion for cattle. This may be explained by local agro-
pastoralists’ intention to sell cattle with fine skins and fat body conditions at high local 
market prices or to use especially bullocks for ploughing purposes (Table 3). A similar 
study on the use of local fodder flora in Pakistan also reported that woody vegetation 
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(especially Acacia nilotica (L.) Willd. ex Delile and Ziziphus mauritiana Lam.) as also 
present in our study area) were the most preferred fodder species for goats and camel 
but not cattle and sheep due to their ability to satisfy, ever green nature and sweetness 
(Badshah and Hussain 2011). However, this studied failed to quantify the salience of 
these examples of criteria given by local farmers, unlike this study.  
Table 3: The topmost 15 local valuation criteria provided by local agro-pastoralists and 
their respective cognitive salience indices (CSIs) for rainy season, dry season, cattle, 
goats and sheep. The bold figures represent CSIs more than 10 percent of the topmost 
valuation criteria mentioned. 
Local valuation criteria  Salience RS Salience DS Salience cattle Salience goats Salience sheep 
Health 0.347 0.267 0.432 0.426 0.435 
Availability of grasses 0.189     
Animal desires 0.154 0.013    
Phenological stage 0.118     
Grow fat 0.104 0.078 0.123 0.115 0.117 
Hunger 0.086 0.080 0.094 0.106 0.102 
Energy provision 0.072 0.052 0.074 0.072 0.062 
Natural food source 0.069 0.027 0.069 0.093 0.084 
Taste 0.042 0.033 0.111 0.108 0.101 
Milk production 0.024 0.02 0.032 0.027 0.030 
Availability of crops and trees  0.133    
Unavailability of fresh grasses  0.127    
Nutrient (vitamins)   0.038 0.038 0.100 
Good for our animals   0.034 0.034 0.034 
Increased reproduction   0.021 0.027 0.016 
5.4.3 Matching CSI values of local informants’ data and ecological data on forage 
species: Any point of convergence?  
The match of CSIethno and CSIplot datasets in local landscape revealed divergent species 
compositions. Looking at only the 10 most salient plant species in both datasets, it is 
revealed that Pterocarpus erinaceus Lam, Ficus sycomorus L and Afzelia Africana were 
well recalled by local agro-pastoralists to have very good forage value in the interview-
based dataset but they are much less represented in the plot-based data very low CSIplot 
values or are completely missing.  
Moreover, the interview-based data included not only trees and shrubs but were also 
dominated by grasses/forbs (e.g. Pennistum pedicellatum Trin) and crop-related forage 
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plants (e.g. cereals and legumes) as very good forage resources. However, regarding the 
plot-based dataset, it is rather Vitelliara paradoxa, Piliostigma reticulatum, Lannea 
microcarpa and others which are commonly found and dominated in the plot-based 
dataset (Fig. 4A and 4B). These results could be explained by the fact that some species 
including economically useful trees may be present in the local environment but not 
necessarily considered favorable forage resources for sustainable livestock production. It 
was also reported by local agro-pastoralists that although e.g. P. erinaceus Lam and A. 
Africana were of very high forage value for livestock, these species are becoming fewer 
and fewer in numbers. This was confirmed by our vegetation sampling data since the 
afore-mentioned forage species were not recorded in many villages in both Ghana and 
Burkina Faso. 
 
 
Fig. 12: Comparison of plant species composition for both the interviewed-based (A) and 
plot-based (B) datasets in all study sites within Northern Ghana and Southern-central 
Burkina Faso.  
5.4.4 Determinants of citation of explicit valuation criteria for forage resources by 
local agro-pastoralists  
Based on the AIC values obtained from established candidate global models, the aridity-
based models were retained in the ‘best’ final models for all explanatory variables namely 
criteria for rainy season (CriRS), dry season (CriDS), cattle (Cricattle), goats (Crigoats) and 
sheep (Crisheep) considered (see Appendix 6). This finding is not surprising because both 
aridity and ethnicity variables were found to be collinear since both variables were having 
Informants` data Ecological data 
A B 
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similar dimension in terms of coverage in the study area (see Fig. 9). The retained aridity-
based models were subjected to further analysis and discussion in this paper, since aridity 
class variable seems to significantly contribute to the variance explained in the citation of 
local valuation criteria for forage plants by agro-pastoralists as compared to the less 
influential ethnicity-based models. It was revealed that the main effects of aridity classes 
but not the interacting effects of it and gender, age, educational and residential status 
variables of the local informants were found to be significant. The compared delta AIC 
values of aridity- and ethnicity-based final models were found to be plausible since it was 
greater than two, as was similarly reported in Chapter 4. 
Our results also revealed that climatic aridity had a strongly significant effect on the 
number of citation of local forage valuation criteria necessary for livestock production 
among agro-pastoralists during the rainy season (CriRS; X2 = 70.17, DF = 3, p = <0.001, 
Table 4), dry season (CriDS; X2 = 107.17, DF = 3, p = <0.001, Table 4), for cattle (Cricattle; 
X2 = 58.92, p = <0.001, Table 4), goats (Crigoats; X2 = 62.39, p = <0.001, Table 4) and 
sheep (Crisheep; X2 = 74.95, DF = 3, p = <0.001, Table 4). Thus, agro-pastoralists living in 
humid and dry sub-humid locations gave many different reasons for ranking their forage 
plants while those in semi-arid villages cited fewer reasons. The superior effect of the 
climatic aridity variable on the citation of local valuation criteria for forage resources by 
agro-pastoralists highlights how variable precipitation patterns markedly influence local 
perceptions at varied seasons and for different livestock types than that of the ethnicity 
variable.  
Pairwise comparisons with adjusted p-values show that there are significant differences 
with respect to CriRS in Moist Semi-arid (MSA) and Dry Semi-arid (DSA) locations (p = 
<0.001, r (effect size) = 0.26). This was similarly observed between CriRS in Dry Sub-
humid (DSH) and DSA (p = 0.001, r = 0.33), Humid (HUM) and DSA (p = 0.001, r = 0.30). 
There is, however, no significant effect of aridity on CriRS when compared between DSH 
and MSA, HUM and MSA and HUM and DSH locations (Ps > 0.05). Comparing the CriDS 
between MSA and HUM localities, the follow-up post hoc tests reveal that local agro-
pastoralists living in the former rather cited significantly fewer CriDS than those in the latter 
location (p = <0.001, r = 0.18). A similar significant difference was found between MSA 
and DSH (p = <0.001, r = 0.17) villages as opposed to the same aridity classes in the 
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CriDS as explained above. We also found a significantly higher CriDS cited by those living 
in MSA, DSH and HUM than by local people residing in DSA areas (P = 0.001), showing 
a similar trend for the rainy season as well (see Chapter 4) for similar trend of LEK 
distributional patterns in woody and crop-related forage species (see Appendix 5).  
With respect to the pairwise comparisons for Cricattle and Crigoats, it was revealed that local 
agro-pastoralists inhabiting DSH, HUM and MSA environments cited a significantly higher 
number of local valuation criteria for suitable forage plants for cattle and goats 
consumption than that of the DSA areas (ps = <0.001).  For the Crisheep, we found a similar 
pattern of local knowledge as explained for Cricattle and Crigoats above. However, DSH and 
MSA and HUM and MSA locations are significantly different. The way in which the 
differences exist in various aridity classes as illustrated above is a testament of how 
varying climatic conditions encourage local farmers to have many more reasons for many 
forage species cited in humid areas as compared to fewer reasons for fewer forage 
species mentioned in drier areas, as such weather conditions directly affect forage 
species availability and distribution. This is also true for different valuation criteria for 
livestock considered for this study. The Rm2 and Rc2 calculated were rather found to be 
generally low. Depending upon the explanatory variable considered, the Rm2 ranges from 
21 percent to 25 percent while Rc2 ranges from 23 percent to 26 percent of variance 
explained in the responses (see Table 4; Appendix 5).  
Table 4: Aridity-based final model selection using generalized linear mixed-effects 
(GLMM). Results of testing fixed-effects of aridity class (dry semiarid-DSA, moist 
semiarid-MSA, dry sub-humid-DSH and humid-HUM) on number of local valuation criteria 
cited by agro-pastoralists for (I) rainy season (CriRS), (II) dry season (CriDS) and (III) cattle 
(Cricattle), while aridity class and educational background of informants influenced (IV) 
goats (Crigoats) and (V) sheep (Crisheep) as metric of regional-level variance. The random 
component of village nested within aridity class variable was incorporated to account for 
site-specific variations. Detailed corresponding follow-up posthoc tests for the Analysis of 
Deviance results using Wald chi-square(X2) tests were also calculated. Random effect: = 
~1|Village/Aridity class. Marginal, Rm2 = R2 for variance explained by only fixed factors 
and Conditional, Rc2 = R2 for variance explained by both fixed and random factors. 
 
74 
 
(I) CriRS Df X2 p 
(Intercept) 1 13.00 < 0.001*** 
Aridity class 3 70.17 < 0.001*** 
Marginal, Rm2 (%) 21   
Conditional, Rc2 (%) 23   
(II) CriDS Df X2 p 
(Intercept) 1 8.61 < 0.001*** 
Aridity class 3 107.17 < 0.001*** 
Marginal, Rm2 (%) 23   
Conditional, Rc2 (%) 23   
(III) Cricattle Df X2 p 
(Intercept) 1 6.94 < 0.001*** 
Aridity class 3 58.92 < 0.001*** 
Marginal, Rm2 (%) 23   
Conditional, Rc2 (%) 26   
(IV) Crigoats Df X2 p 
(Intercept) 1 8.19 < 0.001*** 
Aridity class 3 62.39 < 0.001*** 
Education 2 4.36 0.113 
Marginal, Rm2 (%) 24   
Conditional, Rc2 (%)   26     
(V) Crisheep Df X2 p 
(Intercept) 1 9.32 < 0.001*** 
Aridity class 3 74.95 < 0.001*** 
Education 2 5.13 0.077 
Marginal, Rm2 (%) 25   
Conditional, Rc2 (%) 26     
Note: *<0.05, **<0.01, ***<0.001 
5.5 Conclusion  
This study has  not only looked at how local agro-pastoralists judge the value of available 
forage resources in their local pastures but also explored how environmental harshness 
(climatic aridity) affect their collective cognitive salience of these forage resources as well 
as their associated local valuation criteria in such under-researched West African 
savanna ecosystems. We also matched our ethnobotanical data set with the vegetation 
sampling dataset for clarity in understanding such forage-related LEK. Knowing which 
forage types (herbaceous, woody vegetation and crop-related forage plants) are suitable 
for various livestock (cattle, goats and sheep) and seasonal types (dry and rainy seasons) 
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enables local agro-pastoralists to better plan and manage available forage resources in 
the face of changing local climatic conditions in a sustainable manner.  
Given also our findings, local resource-users do not just behave in a ‘vacuum’ but 
consciously make their choices on the use of such limiting forage resources based on 
underlying reasons and prevailing circumstances for sustained livestock production and 
livelihood improvement. It is also revealed that environmental change has a significant 
effect on how forage resources are adjudged by local agro-pastoralists. Thus, those in 
humid and sub-dry humid villages generally provided many reasons for their ranked 
forage plants as compared to those living in moist and dry semi-arid localities. Our 
approach may help us appreciate how local land users perceive and utilize their forage 
resources in both periods of abundance and scarcity. Hence, local actions can be 
harnessed to better understand the global climate change dynamics so as to help 
increase efforts in the conservation of forage species for future generations. This is 
because management-related decisions taken on the utilization of declining forage 
resources by the local agro-pastoralists in our research region at the local level is 
extremely crucial in the context of global environmental change. Literature has shown 
that the role of development interventions for increasing adaptive capacity is important to 
better understand the relationship between poverty and vulnerability, which will inform 
policy decisions globally (Lemos et al. 2016). We thus conclude that a lot more attention 
should be given to LEK-related investigations in dryland ecosystems to ensure 
sustainable livestock production and to stimulate the scholarly debate about the resilience 
of the SES concept in natural resources management efforts. 
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6 Assessing forage species diversity, habitat distributions, abundance trends and 
ecological drivers from local agro-pastoralists’ perspectives in West Africa’s 
Savanna ecosystems 
6.1 Chapter abstract and highlights 
Assessing local agro-pastoralists’ knowledge and perceptions on forage species 
diversity, habitat distribution, abundance trends and associated ecological drivers are 
fundamental to sustainable agriculture and livelihood improvement efforts. 
Notwithstanding, there has been little discussion on how smallholder farmers perceive 
the afore-mentioned ecological variables in the management of locally available natural 
forage resources within the study area. This study, thus, aims to estimate forage species 
diversity, analyze habitat types of forage resources, investigate abundance trends of 
available forage resources, identify local ecological drivers and document conservation 
measures based on the perceptions of local agro-pastoralists. In doing this, we covered 
526 informants in sixteen villages, consisting of seven villages in northern Ghana and 
nine of them in southern-central Burkina Faso. Data were analysed via descriptive 
statistics, bivariate correlation analysis and cognitive salience index calculation to 
disentangle the dynamics of local responses to the ecological variables considered in this 
study. Our results indicated that the local agro-pastoralists exhibited extensive knowledge 
in forage species diversity, habitat types, abundance trends and ecological drivers. It was 
also established that local agro-pastoralists associated their cited forage plants more with 
upland topography than lowland and combined landscapes of the two topographic 
positions. According to them, approximately 82 percent of reported items were considered 
to be commonly available in local landscapes, while most of them indicated that available 
forage resources have been experiencing a gradually increasing trend over the past few 
years. It was also revealed that rainfall variability, tree cutting and drought were the 
topmost perceived threats causing changes in the trends of forage species abundance. 
Given our findings, local actions of agro-pastoralists could potentially have practical 
implications at the global level in favour of biodiversity conservation. 
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Highlights: 
x This study illustrates highly diverse forage species in West Africa’s savanna 
ecosystems. 
x Local agro-pastoralists possess extensive forage-related knowledge of the habitat 
distribution and associate them more with upland topography.  
x Majority of the forage resources cited are perceived to have gradually increasing 
trend over time. 
x Rainfall variability, tree cutting and drought are the topmost perceived threats 
causing changes in the abundance trends of forage species.  
x Local agro-pastoralists are well aware of local measures in favour of conservation 
of forage plants for livestock grazing. 
6.2 Introduction 
A plethora of literature abounds with evidences that future projections and scenarios of 
global climatic conditions point to increasing incidences of unpredictable precipitation 
patterns, drought spells, overgrazing, severe mean annual temperature rises, intermittent 
floods and land degradation particularly in global drylands (IPCC 2007, Reynolds et al. 
2007, Maestre et al. 2012, IPCC 2013), and such changes are unbeneficial (IPCC 2013). 
Hence, tropical West Africa, in particular, has been experiencing a significant increase in 
such  challenging anthropogenic and natural incidences (Niang et al. 2014) and human 
population growth (Mertz et al. 2011). This then results in severe changes in the 
vegetation composition and species cover in West African Savanna ecosystems (Zerbo 
et al. 2016). Smallholder farmers in this region and other developing countries are thus 
considered as disproportionately vulnerable to climate change owing to its direct effect 
on their crop and animal productivity, as well as negative consequences on their food 
security, income and general well-being (Vignola et al. 2015). Being able to make use of 
a diverse portfolio of management strategies, and to have diversified sources of income, 
may greatly increase pastoral livelihood security, particularly in a highly variable 
environment (Kuhn et al. 2010, Martin et al. 2014). Climate change and variability 
especially e.g. scarcity of water might lead to reduced supply of essential ecosystem 
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services including forage provision for livestock production while increasing demand for 
these ecosystem services from the vegetation.  
Apart from climate change and variability, smallholder farmers are also faced with non-
climatic stressors, e.g. land use and socio-economic factors (Antwi-Agyei et al. 2014). 
However, many local smallholder farmers in West African Savannas engage in farming 
practices which contribute to maintenance of complex biological diversity including agro-
biodiversity, resulting in increased adaptive capacity to cope with and to recover from 
extreme weather condition (Altieri and Koohafkan 2008). To ensure effective 
sustainability and biodiversity conservation efforts in natural resources management, 
understanding the SES conceptual framework is vitally critical (Rissman and Gillon 2016). 
Studies have shown that land users’ local ecological knowledge (LEK) on forage plants 
is of critical importance for their adaptive rangeland management (Müller et al. 2007, 
Linstädter et al. 2013). Research has also shown that agro-pastoralists’ LEK of forage 
resources is an essential component of management decisions (Wesuls and Lang 2010, 
Linstädter et al. 2013), and plays a crucial role in (agro-)pastoralists’ adaptation to climate 
change (Naess 2013). Identifying crucial aspects of an adaptive natural resource 
management appears a promising approach for developing mitigation strategies for 
negative consequences of projected climate change in West Africa. 
Despite the importance of LEK on forage plants, very little research has been done on 
how local agro-pastoralists perceive forage species diversity, abundance, habitat 
distribution and ecological drivers influencing their changing numbers over the years in 
rural West Africa’s Savannas. This ethnobotanical study was not intended to investigate 
causalities of the above-referenced ecological variables in the research region. Thus, it 
was intended to address the following specific research objectives: 
1. To estimate forage species diversity based on local agro-pastoralists’ LEK. 
2. To analysize local agro-pastoralists’ perceptions on habitat types of forage 
resources. 
3. To investigate how local farmers assess the abundance and trends of available 
forage resources. 
4. To identify local ecological drivers responsible for changes in trends of forage 
plants communities over time. 
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5. To document conservation measures put forward by local agro-pastoralists for 
sustainable forage resources utilization. 
6.3 Materials and methods 
6.3.1 Study area description 
The study area covers almost the entire gradient of climatic aridity within West Africa’s 
agro-ecological zone of Sudanian savannas, and reaches from northern Ghana to central 
Burkina Faso (Fig. 13). Thus, the northern Sudanian zone is largely semi-arid, while the 
climatic conditions in the southern Sudanian zone vary from dry sub-humid to humid. In 
total, the study area covers a distance of about 530 km from north to south (Ferner et al. 
2015) and its climate is seasonal in nature. Outside protected areas, the sparse tree layer 
mostly consists of economically important trees and shrubs such as the shea nut tree, 
Vitellaria paradoxa, or the baobab, Adansonia digitata (Traoré et al. 2013, Ouédraogo et 
al. 2015). Some tree species which contribute to ruminant nutrition include Afzelia 
africana, Pterocarpus erinaceus and Piliostigma sp for cattle in particular while Balanites 
aegyptiaca, Ziziphus mauritiana and Acacia sp are primarily fed on by small ruminants 
(Zampaligré et al. 2013). The grass layer in the northern Sudanian pastures mostly in 
Burkina Faso is dominated by Andropogon pseudapricus, Loudetia togoensis, Aristida 
kerstingii, Dactyloctenium aegyptium and Digitaria horizontalis while the southern 
Sudanian zone is dominated by Andropogon sp., Hyparrhenia and Schizachyrium sp are 
co-dominants in both Ghana and southern Burkina Faso (Kagone 2006, Oppong-Anane 
2006, Zampaligré et al. 2013). The singular distinguishing vegetation feature is that, the 
northern Sudanian zone constitutes mostly patchy and many bare grounds (Zampaligré 
et al. 2013) and fewer tree species while southern Sudanian zone has a continuous 
herbaceous cover interspersed with fire-resistant and broad-leaved trees (Oppong-Anane 
2006). 
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Fig. 13: Study area in the West African Sudanian savannas comprising northern Ghana 
and south-central Burkina Faso, and positions of 16 study villages across three major 
ethnic groups (Dagbani, Gurunsi and Mossi) located along a gradient of climatic aridity. 
The aridity classes (see study communities and climatic aridity) are defined based on 
aridity indices of villages. For each village, its aridity class is shown, following the UNEP 
aridity classification system (UNEP 1997) and our own subdivision of semi-arid class into 
moist and dry semi-arid classes. Source: Map by Gerald Forkuor. 
6.3.2 Selected ethnic groups and climatic zones 
The study area is inhabited by three dominant ethnic groups roughly replacing each other 
along the north-south gradient of climatic aridity (Fig. 13), i.e. the Mossi in central and 
southern Burkina Faso, the Gurunsi living on both sides of the border between Burkina 
Faso and Ghana, and the Dagbani in northern Ghana. While these ethnicities share 
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comparable agro-pastoral practices, the relative importance of livestock-generated 
income slightly varies across them. Livestock husbandry (mainly cattle, sheep and goats) 
constitutes a crucial aspect of the livelihood strategies of rural people living in semi-arid 
West Africa (Turner et al. 2014). In Ghana, almost every household rears a few animals 
for home consumption (small ruminants) and as financial capital saving in case of crop 
failures, as may be the case for Burkina Faso. Cattle rearing is more or less a preserve 
for the well-to-do individuals in rural communities (see Chapter 4). 
The Mossi mostly inhabit dry semi-arid sites with the harshest environmental conditions 
in the study area (Fig. 13); they contribute over 50 percent to Burkina Faso’s total 
population (Sop et al. 2012). Traditionally, their rural economy is dominated by 
subsistence agriculture, with millet, sorghum, maize and cowpea being the main crop 
plants (Sop et al. 2012).  
The Gurunsi ethnic group consists of sub-ethnic groups including Frafras and Nabit in 
northeastern Ghana only, while Kasenas inhabit both northeastern Ghana and southern 
Burkina Faso. The Gurunsi group contributes about 5 percent of the total population of  
Burkina Faso (Kristensen and Balslev 2003) and a similar proportion in Ghana. Although 
these sub-ethnic groups have linguistically distinct dialects yet they have similar social, 
economic and religious practices. The Gurunsi are known to be crop farmers but later 
adopted an agro-pastoralist lifestyle from Mossi and Fulani ethnic groups who migrated 
to the south to look for better forage resources for their livestock and fertile lands for 
cultivation (Kristensen and Balslev 2003, Kristensen and Lykke 2003). Within the study 
area, the Gurunsi mainly inhabit relatively moist semi-arid environments.  
Furthermore, the Dagbani ethnic group inhabits both humid and dry sub-humid sites, 
representing the most humid conditions within the study area. They constitute about 60 
percent of the population of Ghana’s Northern Region and 16.5 percent to its total 
population (Langer and Ukiwo 2007). Their rural economy is majorly based on agro-
pastoralism (involving crop farming and livestock keeping) since the open savanna 
ecosystem is suitable for such a farming system. With better rainfall regime than other 
parts within the study area, crop productivity is quite high among Dagbani farmers. Due 
to the patriarchal dominance of Dagbani tribe, men own most of the large ruminants 
especially cattle while their women engage in rearing of goats and sheep, and cultivate 
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mostly ‘female crops’ such as vegetables, maize, beans, groundnuts, rice, sorghum and 
potatoes (Apusigah 2013).  
6.3.3 Ethnobotanical survey design 
We administered structured ethnobotanical questionnaires to local agro-pastoralists 
regarding their perception and knowledge on habitat types, current abundance trends and 
local ecological drivers of the quantity of forage resources. Following recommendations 
by Teddlie and Yu (2007), we applied a stratified random sampling design to collect 
representative data across ethnic groups, gender affiliation and age classes in particular. 
We randomly selected five study villages per ethnic group in our study area, and further 
stratified per village into gender and age-class (Fig. 13). Several LEK-related studies 
usually target the household heads who are deemed to be have more information and the 
less influential social groups such as the young boys and girls and women are left out in 
the primary data gathering process (Kristensen and Lykke 2003). However, this study 
tries to overcome this challenge by covering a broad spectrum of these varied social 
groups. 
The ethnic and gender stratifications were done based on dominant ethnic groups 
(Dagbani, Gurunsi and Mossi) and gender (males and females) respectively. For age 
stratifications among local agro-pastoralists, we adopted age class definitions from 
previous studies in West Africa’s Sudanian savannas (Eguavoen 2013) and distinguished 
informants into young (15-35 years), middle-aged (36-55 years) and old adults (>55 
years). Field research was undertaken between October to December 2012 and July to 
October 2013. This stratification of informants was replicated in each study site (village). 
In sum, we covered 526 informants in sixteen villages, consisting of seven villages in 
northern Ghana and nine of them in southern-central Burkina Faso.  
6.3.4 Sampling procedures for obtaining ecological information from agro-
pastoralists 
Based on the citation of the forage resources (herbaceous plants, woody vegetation and 
crop-related plants) by the local agro-pastoralists via a free list technique outlined in 
Chapter 4, crucially important ecological parameters were obtained from them. For 
instance, habitat types, current abundance, trends in abundance and ecological drivers 
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to changes of forage resources available in local landscapes over the few past years were 
recorded. Reading the list of cited forage plants back to them during the ethnobotanical 
interviews, the local agro-pastoralists were specifically asked to indicate where each 
forage species was found in their environs, be it highland, lowland or both areas.  
With respect to the abundance of the cited forage species, we asked local agro-
pastoralists to indicate whether such cited forage species were many, few or rare within 
their vicinity at the time of the interviews.  It has been reported that local pastoral farmers 
commonly use terms like increasing, decreasing or not changing in assessment of 
species trends (Roba and Oba 2009). Thus, for each species mentioned, we asked them 
to tell us whether they were: (1) many in number (common), (2) few in number (not 
common) and (3) rare (very difficult to find). Regarding the changing trends of abundance 
of these forage species, the local agro-pastoralists were asked to provide information on 
whether the forage plant communities have changed over the past years or not. We 
specifically asked the local agro-pastoralists to indicate whether the trends of changes in 
the abundance of forage plants have: increased rapidly (2), increased gradually (1), 
remained stable (0), rather decreased gradually (-1) and decreased rapidly (-2). It has 
been reported that local pastoral farmers commonly use terms like increasing, decreasing 
or not changing in assessment of species trends (Roba and Oba 2009).  
To extract more information from the local people, we too asked them to provide possible 
reasons why they thought that their forage resources were perceived to be either 
increasing, decreasing or remain stable over the years. This was done to better 
understand local ecological drivers to changing quantity and/or quality of forage resources 
experienced by these local farmers in the face of global environmental change. Finally, 
they were asked to describe their own solutions, if any, with regards to the current 
abundance trends situation of their forage resources.  
6.3.5 Data analysis  
We estimated the diversity of these forage species in the studied communities using four 
diversity indices such as species richness, species evenness, Shannon-Wiener diversity 
index (H') and Simpson’s diversity index (SDI). For species richness (S), it represents the 
number of forage species via the ethnobotanical interviews in a village irrespective of 
whether a particular species is abundant or not, as also done by Zerbo et al. (2016). Thus, 
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S = N, where N = number of species per village. With respective to species evenness (E), 
it is the ratio of Shannon’s index to the natural log of S. Thus, E = H'/In (S). This reflects 
the balance in the distribution of individuals forage species cited by local agro-pastoralists 
in the context of this study, which is independent of the frequency of species occurring in 
interviews in a village. When E is close to zero, a forage species is very similar while one 
value indicates quite different forage species composition (also see Zerbo et al. 2016). 
Regarding Shannon Wiener’s diversity Index (H') estimation, it is also known as alpha 
diversity and defined as follows: H' = -Sum (Pi*In(Pi)), where Pi is the proportion of 
individuals belonging to the ith forage species (relative abundance of forage species) per 
village. As for Simpson’s diversity index (SDI), is also known as the Beta diversity index, 
whereby it is mathematically represented as: SDI = Sum (Pi2).  
As investigating the causalities of the ecological variables is not a focus of this study, we 
conducted bivariate correlation analysis to determine relationships between the diversity 
metrics of these forage species reported by the local agro-pastoralists in the West Africa’s 
savannas. Given the lack of normality in some of the variables, and coupled with the 
relatively small sample size used in this correlation analysis, we employed Kendall’s tau, 
a non-parametric correlation which is considered to be a better estimate of the correlation 
in the sampling population instead of the popularly used Spearman’s rho statistic (Fields, 
2013). We additionally conducted bootstrapping to obtain robust confidence intervals 
(CIs). The significance level for correlation coefficients was assessed at P < 0.05). The 
collected data on the agro-pastoralists’ perception of habitat distribution, abundance 
trends, ecological drivers and conservation suggestions were quantitatively analyzed 
using the Statistical Package for the Social Sciences-SPSS vs. 23 (Fields 2013). We thus 
generated descriptive statistics including cross-tabulations and figures. For perceived 
ecological drivers and traditional conservation measures, we performed Cognitive 
salience index (CSI) for responses provided by local agro-pastoralists as also in the case 
of forage-related valuation criteria in the same West African sub-region. 
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6.4 Results and discussion 
6.4.1 Forage species diversity from species citations of local agro-pastoralists  
Out of a total of 8,881 forage species elicited from the local agro-pastoralists for livestock 
grazing in sampled rural communities, 8,323 of them are known scientifically, 
representing 94 percent. For the known forage species, we recorded 194 different forage 
species, belonging to 151 genera and 52 families (see Appendix 15). The most 
represented families in the recall of local agro- pastoralists (see Appendix 13) consisted 
of Poaceae (37 forage species), Fabaceae (34) and Malvaceae (11), as similarly reported 
in the study area by Zizka et al. (2015). The most dominant genera of forage species cited 
included the Acacia sp (7 forage species), Ficus sp (6) and Andropogon sp (5). Our study 
also reported 558 items, corresponding to 6 percent which were only vernacularly known 
but not scientifically identified, resulting from the unavailability of cited forage species at 
the time of the field research. 
As for the site/village-specific diversity of forage species, we recorded higher species 
richness in villages where Dagbani informants were present while those informants in 
Gurunsi- and Mossi-dominated villages reported lower species richness. For instance, 
the highest number of forage species was cited in Sang while the lowest number of 
species was cited in Nangodi. This could be indicative of the predominant role local 
climatic conditions play in the distributional patterns of forage-related LEK among local 
agro-pastoralists in the research region (Chapter 4). In a similar semi-arid Savanna 
ecosystem in South Africa, it was found that agro-pastoralists had extensive perception 
and ecological knowledge on the grass compositions in three different regions in 
Botswana (Kgosikoma et al. 2012). 
Given our findings, it was evident that forage species richness was significantly correlated 
with the Shannon Wiener diversity index and Simpson’s diversity index; while it has an 
insignificant negative relationship with forage species evenness (see Table 5). Also, 
forage species evenness was significantly related to Simpson’s diversity index but 
insignificantly correlated with Shannon Wiener diversity index (see Table 5). It was also 
revealed that Shannon Wiener diversity index had a high significant relationship with 
Simpson’s diversity index (Table 5). These location-specific biodiversity metrics of the 
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forage plants depict the vegetation dynamics pertaining to villages located in both Burkina 
Faso and Ghana (see Appendix 10). 
Table 5: Correlation matrix illustrating various species diversity metrics for forage species 
cited by local agro-pastoralists resident in varied rural communities in northern Ghana 
and southern-central Burkina Faso. 
Diversity metrics Species richness Species evenness Shannon’s index Simpson’s index 
Species richness 1 
-.019 
[-.393, .452] 
.735** 
[.379, .950] 
.502* 
[.136, .749] 
Species evenness 16 1 
.327 
[-.212, .775] 
.549* 
[.133, .838] 
Shannon’s index 16 16 1 
.775** 
[.402, .891] 
Simpson’s index 16 16 16 1 
Note: N = Sample size = 16 villages, ns = not significant (P >.05), * P < .05, ** P < .01, *** P < .001. Bias 
correlated and accelerated bootstrap (BCa) 95 percent CIs reported in brackets. Unless otherwise stated, 
bootstrap results are based on 1000 samples. 
6.4.2 Perception of agro-pastoralists on habitat distribution of forage resources 
Our results revealed that the local agro-pastoralists exhibited extensive knowledge and 
understanding of the habitat distribution of cited forage resources available in the local 
landscapes. As LEK is unevenly distributed among its holders (Briggs 2005, Ayantunde 
et al. 2008), we expected to find considerably varied responses among different agro-
pastoralists for habitat distribution of a particular forage species.  Thus, there were varying 
responses given with respect to where to find similarly cited forage species by local agro-
pastoralists. Considering the upland habitat type, 47 percent of cited forage species were 
believed to be associated with it, as compared to 25 percent for the lowland areas and 28 
percent considered to be suitable for both habitat types (Fig. 14). These findings reflect 
how local folks hold different opinions regarding where to suitably find forage plants based 
on their personal life experiences. 
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Fig. 14: Percentage of forage species citations by local agro-pastoralists based on habitat 
types.  
6.4.3 Agro-pastoralists’ assessment of the forage species abundance and their 
trends 
In assessing the abundance of available forage species for livestock grazing by local 
farmers, they exhibited different views on whether a particular species is common or rare 
in number. However, approximately 82 percent of the items reported by the local agro-
pastoralists were considered to be commonly available in their landscape (many). Those 
items which were said to be only few in number with respect to their availability 
represented 17 percent while 1 percent of the items were reported to be rare. For 
instance, crop-related forage sources such as the commonly farmed cereals (Sorghum 
bicolor (L.) Moench and Zea mays L.) and legumes (Arachis hypogaea L. and Vigna 
unguiculata (L.) Walp were among the topmost ones in the three categories of the species 
abundance cited by local agro-pastoralists as compared to the herbaceous and woody 
forage species (Fig. 15). This suggests that crops/crop residues availability is strongly 
modulated by rainfall variability, as good rains would lead to better yields and vice versa 
for bad rains. Also, depending on whether a particular informant grows any of these crops 
on small or large farmlands he or she will see them as many or few or rare. Moreover, 
these food and cash crops do have competing uses for both humans and livestock. For 
the few category, Ficus sycomorus L. topped the forage species cited while other 
regarded it as equally being many in number. Our findings are supported by studies which 
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suggested that LEK is not only unique to different communities (Fernandez-Gimenez 
2000) but also differs from an individual to another within the same community 
(Kgosikoma et al. 2012). 
  
 
Fig. 15: Local agro-pastoralists’ perception on the abundance levels (many, few or rare) 
of ten most frequently cited forage species in both Ghana and Burkina Faso. 
 
 
 
 
 
89 
 
Furthermore, changes in the abundance of forage resources over the past few years were 
generally perceived by local agro-pastoralists to have gradually increasing trend, 
representing 47 percent of the cited species. Our study also revealed that a high 33 
percent of items were believed by the local informants to be gradually decreasing over 
the years. On the other hand, 11 percent of the reported items were said to be increasing 
rapidly while 5 percent of the cited items were perceived to be stable and 4 percent with 
decreasing rapidly (Fig. 16). These findings reflect a healthy assessment of the 
abundance trends of forage resources by agro-pastoralists as majority of them hold the 
view that cited forage species are either gradually increasing or decreasing, reflecting 
near-natural phenomenon as compared to fewer number of them who believe some 
forage species are rapidly increasing or decreasing, which could be exaggerated by the 
informants as at the time of the ethnobotanical interviews. It was also interesting to find 
that over 10 percent of the cited forage species was rather increasing rapidly while 5 
percent of the forage species was either stable or decreasing rapidly, indicating the need 
to apply sustainable measures in the use of the forage resources. Those informants who 
are unaware of the varying trends should be educated to take interest in environmental 
issues, as they did not really bother about this category of plant species in their local 
communities. 
 
Fig. 16: Pie chart illustrating local agro-pastoralists’ perceptions on abundance trends of 
forage species in the study area. 
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6.4.4 Local ecological drivers to changing abundance trends of forage resources  
When local agro-pastoralists were asked to indicate why they perceived the forage 
resources to be increasing gradually/rapidly or decreasing gradually/rapidly or being 
stable, their reasons were varied among them as well (Fig.17). Our results amply showed 
that rainfall variability was the topmost threat causing changes in the trend of forage 
species abundance in the sampled rural communities. Also, tree cutting, drought, 
agricultural expansion and bushfires were perceived to be highly salient ecological drivers 
to changes in the abundance of forage resources (Fig. 17). These multiple ecological 
drivers mentioned by the local agro-pastoralists are not only limited to Ghana but also 
apply to Burkina Faso, which shows commonalities and the importance of these 
ecological drivers to subsistence farming activities in the study area Our study confirms 
rich knowledge exhibited by local people with respect to local vegetation dynamics so as 
to cope with rainfall variability and grazing pressure, as also reported elsewhere in Africa 
(Davis 2005, Oba and Kaitira 2006). 
Rainfall variability (e.g. later rains or disproportionate down pour of rains within a short 
period of time) was reported to be responsible for poor crop yields leading to either rapid 
or slow decreasing trends in the availability of crop residues. Apart from rainfall variability 
and drought, deforestation without replacement with new seedlings, bushfires and 
overgrazing also lead to rapid or gradual decline of herbaceous and woody forage plants 
for livestock grazing in the sampled rural communities in both countries. However, 
abundance of crop-related, herbaceous and woody forage plants is usually on the 
ascendency when there are good rains (well spread out rainfall pattern, starting early and 
ending later in a year). For the mostly dry semi-arid villages in Burkina Faso, drought 
incidences have been widely reported as very serious threats which lead to declining 
trends in the availability of forage resources.  
On the other hand, the local agro-pastoralists also attributed the rapid or gradual increase 
in the abundance of crop-related forage plants to agricultural expansion, human 
population growth and the application of chemical fertilizers or organic manure (less cited 
reason) to counteract the widespread problem of poor soil fertility. Other informants also 
attributed the various changes in the abundance of forage species to a natural 
phenomenon (involving germination, natural death, etc.). Our findings are supported by 
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literature, which indicated that threats to the abundance of woody vegetation and forage 
plant species are a combination of anthropogenic and natural causal factors such as 
agriculture, overgrazing, deforestation, bushfires, droughts and so on (Gouwakinnou et 
al. 2011, Bahru et al. 2014). However, these studies failed to quantify the salience of 
these multiple ecological drivers to the local people’s perspectives on the abundance 
trends of botanical resources (see Appendix 11). 
 
Fig. 17: Dominantly perceived ecological drivers to forage abundance trends according 
to local agro-pastoralists in the study area. 
6.4.5 Forage resources conservation suggestions put forward by local agro-
pastoralists 
This study revealed that local agro-pastoralists were quite aware of their own actions that 
could influence the changing abundance of the natural forage resources. Moreover, the 
local informants suggested means through which their rich LEK in the traditional 
management and regulation of plant resources including forage plants could be applied 
(see Appendix 12). This is necessary for them to tackle negative effects of the ecological 
drivers to changing forage plants communities especially crops. One of the topmost 
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suggestions made by local agro-pastoralists was that cutting down of trees for charcoal 
production and fuel wood should be stopped, while afforestation of useful trees should be 
encouraged by fellow farmers to increase the frequency of rainfall incidences and 
increase soil fertility. It was also reported in Ethiopia that felling of useful trees and shrubs 
especially for fuel wood or charcoal production by inhabitants is strictly prohibited except 
with permission from their local chiefs (Bahru et al. 2014). For the increase of the numbers 
of trees and shrubs, local informants recommended that transplanting of useful economic 
and fruits trees (e.g. mangoes, oranges, shea nuts etc.) in the study area. 
Considering the dangers of indiscriminate bush burning inherent in the study region (e.g. 
burning could ‘chase’ away the rains), it was also suggested that bushfires should either 
be avoided completely or early bush burning be done to curtail intensive destruction of 
available dead and living forage materials. Others even added that culprits when caught 
burning the environment for whatever reason should be severely punished as a deterrent 
to others.  
To increase their crop harvests, it was intimated that many farmers should practice crop 
rotational farming (e.g. Sorghum sp. vs soybeans) to control the presence of Striga sp. In 
this vein, application of chemical fertilizer and/or organic manure (e.g. cow dung and goat 
droppings) to their farmlands should be used to increase crop yields. To overcome poor 
soil fertility, shifting cultivation and/or fallow management are also recommended as a 
good farming practice to cultivate more food and cash crops to feed both humans and 
livestock. Also, no more use of weedicides was suggested since they kill many grasses 
indiscriminately. However, their moderate use as well as avoidance of overgrazing should 
be encouraged although it might be difficult to get a consensus on that, as claimed by 
some informants. 
Also, the local people were of the opinion that public sensitization/education on the 
consequences of bushfires (destruction of soils, grasses and trees), weedicides and tree 
cutting should be conducted preferably by agricultural extension officers. Additionally, 
creation of alternative economic opportunities via government pro-poor interventions 
such as fertilizer subsidies, farm implements (tractors), accessible funds (money) and so 
on to illiterate-dominated rural communities for poverty allevaition and livelihood 
improvement.  
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Regarding the issue of inter-annual rainfall variability, some local informants rather said 
that they needed to pray or sacrifice animals for more rainfall through God’s or small gods’ 
(ancestors’) intervention since no one has control over changing rainfall patterns. Others 
also suggested that they should do more irrigation on their farms to counteract current 
irregular rainfall patterns. A respondent in Aniabiisi village explained that it is God who 
gives all humans these plants and He determines their abundance (see Fig. 18). It is thus 
amply evident that indigenous management strategies employed by local agro-
pastoralists will go a long to ensure efficient utilization and conservation of the rangeland 
resources, as also suggested by Bahru et al. (2014). 
 
Fig. 18: The topmost local conservation measures of forage resources according to 
agro-pastoralists in the study area. 
6.5 Conclusion  
This present study amply illustrates the assessment of forage species diversity, their 
habitat distribution and abundance trends as well as associated predominant ecological 
drivers in rural West Africa from an ethnobotanical viewpoint. The local agro-pastoralists 
demonstrated a deep understanding of the forage resource availability and utilization by 
their domestic livestock. Given our findings, it becomes clear that the biodiversity and 
diversity metrics on woody, crop-related and herbaceous plant communities which are 
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estimated from the information given by the local informants were more diverse and have 
wide distribution of their individuals within the study area. Close to about half of the cited 
forage species were perceived to be associated with upland areas as compared to the 
low lying localities and both habitat types combined. The majority of the cited forage 
species are still perceived as commonly available in the landscape. Regarding the 
dynamics of the abundance of these forage plants over the past few years, majority of the 
forage species are still believed to be increasing gradually, reflecting a health public 
opinion of forage plant populations status as compared to gradually decreasing and 
rapidly decreasing trends, as well as others; see Fig. 16) cited forage species for livestock 
grazing. These varying trends in changing abundance of forage species are greatly 
influenced by underlying ecological drivers including rainfall variability, deforestation for 
charcoal production and farming activities, drought and bushfires. Since local agro-
pastoralists’ livelihoods are heavily dependent upon natural resources availability in their 
communal lands, they are well aware of the need to sustainably manage their resources. 
This is especially true with regards to avoiding bushfires or encouraging early bushfires, 
stop or moderately use weedicides, application of organic manure/chemical fertilizer, crop 
rotation/shifting cultivation as well as pray for God’s intervention to provide them with 
more regular rains. We, thus, recommend more LEK-related studies in other tropical and 
subtropical environments be conducted. The results of these studies can be highly 
relevant to a wider audience including researcher, policy-makers and local authorities for 
local biodiversity conservation practices. Further systematic research for understanding 
resilience and recognizing robust capacities of local inhabitants in favour of species 
biodiversity conservation is desirable. 
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7 General concluding remarks and recommendations 
This research was conducted within the auspices of the West African Science Service 
Centre for Climate Change and Adapted Land-use (WASCAL), involving ten West African 
states and Germany as the sole funder, to examine how components of forage-related 
LEK held by local agro-pastoralists are shared and maintained across generations for 
sustainable rangeland management. Apart from that, this study is intended to identify 
forage valuation criteria from LEK holders, since human activities can be better analysed 
and discussed if we understand the underlying reasons behind their daily actions. 
Furthermore, their perceptions on forage species diversity, habitat distributions, 
abundance trends and ecological drivers in line with SES framework are also 
investigated.  
To accomplish the above-referenced broad research objectives, using a multi-pronged 
quantitative ethnoecological approach. Methods from both natural and social sciences 
are employed. The research is carried out within the context of a typical Sudanian 
savanna in West Africa, which entails multi-cultural setting and steep climatic gradient to 
capture a wide range of ethnobotanical information on locally available forage resources 
for domestic livestock grazing in the research region. The results of this research amply 
demonstrate that LEK on forage resources is unevenly distributed among local agro-
pastoralists. This gives credence to existing literature assertion that LEK is differentially 
held by local people (e.g. Briggs 2005, Ayantunde et al. 2008). These findings reflect the 
fact that aridity and ethnicity are important drivers of LEK accumulation and their relative 
importance depend on type of forage resources considered. The ethnobotanical evidence 
gathered in this study reveals that local agro-pastoralists belonging to different ethnic, 
gender and age categories in dry semi-arid and moist semi-arid exhibit lower LEK on 
various components of forage plants than those in dry Sub-humid and humid climatic 
conditions, reflecting higher floristic diversity and agro-biodiversity of  useful forage 
species in the latter than in the former. Above all the important drivers, local climatic 
variability poses a major threat to LEK accumulation and ecosystem services provision 
(e.g. forage resources). This argument is consistent with other studies which indicate that 
climate (for that climate change) is the most important driver of vegetation, negatively 
affecting ecosystem structure and functioning in the region (Da 2010, Guuroh 2016). 
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Given the research findings, it is clear that a combination of varied forage sources is good 
for varied domestic livestock types and at different seasons. This is because local agro-
pastoralists are fully aware of which type of forage plants were suitable for livestock 
grazing and at which seasonal regimes of the year they are experiencing. For instance, 
while herbaceous forage plants are most valuable in the rainy season and for cattle, 
woody and crop plants are most salient in the dry season, for goats and sheep for several 
reasons. Unlike LEK distributional patterns where both aridity and ethnicity are equally 
relatively important drivers, it is rather only the aridity variable which significantly 
influenced agro-pastoralists’ citation of valuation criteria in the study countries, but not 
socio-demographic differences. Among all the other valuation criteria for available forage 
resources utilization, healthy growth of their livestock was consistently ranked as the most 
important underlining reason among the local agro-pastoralists. This may mean that, as 
long as an animal is of good health after feeding on a particular forage plant, local agro-
pastoralists know that such a forage plant is very salient to them. This is because healthy 
animals have high productivity levels and sell at good prices on local markets. 
Additionally, the results of this study illustrate the extensive knowledge and understanding 
of local agro-pastoralists regarding cited forage species diversity and habitat distribution 
in the context of West Africa’s savanna ecosystems. With respect to the forage 
abundance over the past few years, the local agro-pastoralists generally perceive cited 
forage plants to be gradually increasing. Nevertheless, other forage plants were also 
perceived to be decreasing in numbers as well. The majority of reported items (forage 
plants) are believed to be distributed in upland areas as compared to other topographic 
positions. The topmost perceived threats causing changes in the abundance trends of 
forage species include rainfall variability, tree cutting and drought. To effectively tackle 
these ecological drivers, local people themselves know of various ways toaddress them. 
Among various conservation measures, local agro-pastoralists suggested that they 
should individually and collectively stop rampant bushfires and tree and shrub cutting for 
charcoal production and firewood and rather begin to undertake afforestation activities to 
replace some already lost useful trees and shrubs in the study area.  
The outlook of LEK investigations in the near future is promising, since a proper 
understanding of such a location- and context-specific knowledge system is vitally 
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important for sustainable forage plants utilization and livestock production. Considering 
the highly unpredictable nature of the climate change and variability confronting local 
farmers in many parts of the globe, a profound LEK of natural resources is a prerequisite 
for a sustainable land management especially among resource-poor people in vulnerable 
dryland ecosystems. Therefore, community-based policy formulation and implementation 
of projects in rural communities should be of high priority to national policy-makers, 
scientists and civil society organizations (CSOs) to gain more local acceptance to enable 
implementers of future projects. This will enable them to actively utilize beneficiary rural 
communities’ rich local knowledge for successful implementation and sustainability of 
such projects, like WASCAL. Thus, the findings of this LEK-oriented study are not only 
crucial for the West African sub-region but can also serve as a springboard elsewhere to 
better understand the dynamics of the global environmental change impacts on the 
exploitation of natural resources. This will go a long way to curb land degradation and 
depletion of associated ecosystem services, which commonly occur in dryland areas 
globally. Further research for understanding and recognizing robust capacities and 
resilience of local inhabitants in favour of biodiversity conservation and sustainable rural 
agriculture for livelihood improvement is recommended. It is also recommended that there 
should be narrower or more species-specific LEK study of highly useful forage species in 
the same studied rural communities for in-depth ethnoecological information since this 
current study employs a broad quantitative ethnoecological approach.  
 
 
 
 
 
 
 
 
 
98 
 
References 
Adriansen, H. K. 2008. Understanding pastoral mobility: the case of Senegalese Fulani. 
The Geographical Journal 174:207-222. 
Albuquerque, U. P. 2014. A little bit of Africa in Brazil: ethnobiology experiences in the 
field of Afro Brazilian religions. Journal of ethnobiology and ethnomedicine 10:12. 
Allen-Diaz, B., F. S. Chapin, S. Diaz, M. Howden, J. Puigdefabregas, M. Staford Smith, 
T. Benning, F. Bryant, B. Campbell, J. DuToit, K. Galvin, E. Holland, L. Joyce, A. 
K. Knapp, P. Matson, R. Miller, D. Ojima, W. Polley, T. Seastedt, A. Suarez, T. 
Svejcar, and C. Wessman. 1996. Rangelands in a changing climate: Impacts, 
adaptations and mitigation. Climate Change 1995 Impacts, Adaptation and 
Mitigation, Contribution of Working Group II to the Second Assessment Report of 
the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge. 
Altieri, M. A., and P. Koohafkan. 2008. Enduring farms: Climate change, smallholders and 
traditional farming communities. Environment and Development Series 6:1-63. 
Anderson, T. M., M. E. Ritchie, E. Mayemba, S. Eby, James B. Grace, and Samuel J. 
McNaughton. 2007. Forage nutritive quality in the Serengeti ecosystem: the roles 
of fire and herbivory. The American Naturalist 170:343-357. 
Antwi-Agyei, P., C. L. Stringer, and A. J. Dougill. 2014. Livelihood adaptations to climate 
variability: insights from farming households in Ghana. Regional Environmental 
Change 14:1615–1626 
Apusigah, A. A. 2013. Women’s agency and rural development in Northern Ghana. Pages 
147-168 in J. A. Yaro, editor. Rural development in Northern Ghana. NOVA 
Publishers, New York. 
Asase, A., and A. A. Oteng-Yeboah. 2007. Assessment of plant biodiversity in Wechiau 
Community Hippopotamus Sanctuary in Ghana. Journal of Botanical Research 
Institute of Texas 1(1) 549-556. 
Ayantunde, A. A., M. Briejer, P. Hiernaux, H. M. J. Udo, and R. Tabo. 2008. Botanical 
Knowledge and its Differentiation by Age, Gender and Ethnicity in Southwestern 
Niger. Human Ecology 36:881-889. 
99 
 
Azzurro, E., P. Moschella, and F. Maynou. 2011. Tracking Signals of Change in 
Mediterranean Fish Diversity Based on Local Ecological Knowledge. PloS ONE 
6(9):e24885. 
Badshah, L., and F. Hussain. 2011. Farmers preferences and use of local fodder flora in 
Tank District, Pakistan. African Journal of Biotechnology 10(32):6062-6071. 
Bahru, T., Z. Asfaw, and S. Demissew. 2014. Ethnobotanical study of forage/fodder plant 
species in and around the semi-arid Awash National Park, Ethiopia. Journal of 
Forestry Research 25(2):445−454. 
Bassett, T., and M. Turner. 2007. Sudden shift or migratory drift? FulBe herd movements 
to the Sudano-Guinean region of West Africa. Human Ecology 35:33-49. 
Baumann, G. 2009. How to assess rangeland condition in semiarid ecosystems? The 
indicative value of vegetation in the High Atlas Mountains, Morocco. Doctoral 
Thesis at the University of Cologne, Institute of Botany, Cologne, Germany. 
Bekalo, T., S. Woodmatas, and Z. Woldemariam. 2009. An ethnobotanical study of 
medicinal plants used by local people in the lowlands of Konta Special Woreda, 
southern nations, nationalities and peoples regional state, Ethiopia. Journal of 
ethnobiology and ethnomedicine 5:26. 
Belem, B., B. M. I. Nacoulma, R. Gbangou, S. Kambou, H. H. Hansen, Q. Gausset, S. 
Lund, A. Raebild, D. Lompo, M. Ouedraogo, I. Theilade, and J. I. Boussim. 2007. 
Use of non wood forest products by local people bordering the" Parc National 
Kaboré Tambi", Burkina Faso. Journal for Transdisciplinary Environmental Studies 
6:1-21 
Berkes, F., J. Colding, and C. Folke. 2000. Rediscovery of traditional ecological 
knowledge as adaptive management. Ecological Applications 10:1251-1262. 
Berkes, F., J. Colding, and C. Folke. 2003. Navigating social-ecological systems: building 
resilience for complexity and change. Cambridge University Press, Cambridge. 
Blench, R. 2006. Dagomba plant names. Cambridge, United Kingdom. 
Blench, R. M. 1999. Agriculture and the environment in northeastern Ghana: a 
comparison of high and medium population density areas. Overseas Development 
Institute, London. 
100 
 
Bollig, M., and A. Schulte. 1999. Environmental change and pastoral perceptions: 
degradation and indigenous knowledge in two African pastoral communities. 
Human Ecology 27:493-514. 
Borgatti, S. 1996. Anthropac. Analytic Technologies, Lexington, USA. 
Borgatti, S. 1999. Elicitation techniques for cultural domain analysis. Pages 115-151 in J. 
Schensul, M. LeCompte, B. K. Nastasi, and S. Borgatti, editors. Enhanced 
ethnographic methods: Audiovisual techniques, focused group interviews, and 
elicitation techniques. AltaMira Press, Walnut Creek, USA. 
Brewer, D. D. 2002. Supplementary interviewing techniques to maximize output in free 
listing tasks. Field Methods 14:108-118. 
Bridges, E. M. 1997. World soils, 3rd ed. Cambridge University Press, Cambridge, UK. 
Briggs, J. 2005. The use of indigenous knowledge in development: problems and 
challenges. Progress in Dvelopment Studies 5:99-114. 
Bryman, A. 2004 Social research methods. Oxford University Pres, New York, USA. 
Buttolph, L. P., and D. L. Coppock. 2004. Influence of deferred grazing on vegetation 
dynamics and livestock productivity in an Andean pastoral system. Journal of 
Applied Ecology 41:664-674. 
CalloǦConcha, D., T. Gaiser, and F. Ewert. 2012. Farming and cropping systems in the 
West African Sudanian Savanna. WASCAL research area: Northern Ghana, 
Southwest Burkina Faso and Northern Benin. ZEF Working Paper 100, Bonn, 
Germany. 
Camou-Guerrero, A., V. Reyes-Garcia, M. Martinez-Ramos, and A. Casas. 2008. 
Knowledge and use value of plant species in a Rarámuri community: A gender 
perspective for conservation. Human Ecology 36:259-272. 
Campos-Mondragón, M. G., A. M. Calderón De La Barca, A. Durán-Prado, L. C. Campos-
Reyes, R. M. Oliart-Ros, J. Ortega-García, L. A. Medina-Juárez, and O. Angulo. 
2009. Nutritional composition of new peanut ( Arachis hypogaea L.) cultivars. 
GRASAS Y ACEITES 60 (2):161-167. 
Carrier, M.-A., R. Lefebvre, J. Racicot, and E. B. Asare. 2008. Northern Ghana 
hydrological assessment project.in In: WEDC International Conference, Accra, 
Ghana. 
101 
 
CIESIN FAO & CIAT. 2005. Gridded population of the world, V.3 (GPWWv3): Population 
count grid, future estimates. Center for International Earth Science information 
Network (CIESIN), Columbia University, United Nation Food and Agriculture 
Organisation (FAO), & Centro International de Agricultura Tropical (CIAT). 
Socioeconomic Data and Applications Center (SEDAC), Columbia University, see 
http://sedac.ciensin.columbia.edu/gpw (Acessed May, 2016). 
Crawley, M. J. 2002. Statistical computing, an introduction to data analysis using S-Plus. 
John Wiley and Sons Ltd, New York. 
Da Cunha, L., and U. De Albuquerque. 2006. Quantitative ethnobotany in an Atlantic 
forest fragment of northeastern Brazil-implications to conservation. Environmental 
Monitoring and Assessment 114:1-25. 
Da, S. S. 2010. Spatial patterns of West-African plant diversity along a climatic gradient 
from coast to Sahel. University of Bonn, Bonn. 
Darkoh, M. B. K. 2003. Regional perspectives on agriculture and biodiversity in the 
drylands of Africa. Journal of Arid Environments 54:261-279. 
Davis, D. K. 2005. Indigenous knowledge and the desertification debate: problematising 
expert knowledge in North Africa. Geoforum 36:509-524. 
De Bello, F., J. Lepš, and M.-T. Sebastià. 2006. Variations in species and functional plant 
diversity along climatic and grazing gradients. Ecography 29:801-810. 
Derbile, E. K. 2010. Local Knowledge and Livelihood Sustainability under Environmental 
Change in Northern Ghana. PhD Thess, University of Bonn, Bonn. 
Dessalegn, T. Y. 2005. Modeling farm irrigation decisions under rainfall risk in the White 
Volta Basin of Ghana: A tool for policy analysis at the farm household level. PhD 
Thesis, University of Bonn, Bonn. 
Dietz, T., K. van der Geest, and F. Obeng. 2013. Local Perceptions of Development and 
Change in Northern Ghana.in J. A. Yaro, editor. Rural development in Northern 
Ghana. Nova Science Publishers, New York. 
Dougill, A. J., L. C. Stringer, J. Leventon, M. Riddell, H. Rueff, D. V. Spracklen, and E. 
Butt. 2012. Lessons from community-based payment for ecosystem service 
schemes: from forests to rangelands. Philosophical  Transactions of The Royal 
Society 367:3178-3190. 
102 
 
Duku, S., A. van der Zijpp, and P. Howard. 2010. Small ruminant feed systems: 
perceptions and practices in the transitional zone of Ghana. Journal of 
ethnobiology and ethnomedicine 6:11. 
Duru, M., C. Jouany, J. P. Theau, S. Granger, and P. Cruz. 2015. A plant-functional-type 
approach tailored for stakeholders involved in field studies to predict forage 
services and plant biodiversity provided by grasslands. Grass and forage science 
70:2-18. 
Eguavoen, I. 2013. Blessing and destruction. Climate change and trajectories of blame in 
Northern Ghana. ANTHROPOLOGICAL NOTEBOOKS 19 (1):5-24. 
Estrada-Castillón, E., M. Garza-López, J. A. Villarreal-Quintanilla, M. M. Salinas-
Rodríguez, B. E. Soto-Mata, H. González-Rodrígue, D. U. González-Uribe, I. 
Cantú-Silva, A. Carrillo-Parra, and C. Cantú-Ayala. 2014. Ethnobotany in 
Rayones, Nuevo León, México. Journal of ethnobiology and ethnomedicine 10:62. 
Faber, M., K. Frank, B. Klauer, R. Manstetten, J. Schiller, and C. Wissel. 2005. On the 
foundation of a general theory of stocks. Ecological Economics 55:155-172. 
FAO. 2005. Fertilizer use by crop in Ghana. Food and Agriculture Organization of the 
United Nations. http://www.fao.org/docrep/008/a0013e/a0013e00.htm (Accessed 
on July 12, 2016).  
Feng, S., and Q. Fu. 2013. Expansion of global drylands under a warming climate. Atmos. 
Chem. Phys. 13:10081-10094. 
Fernandez-Gimenez, M. E. 2000. The role of Mongolian nomadic pastoralists' ecological 
knowledge in rangeland management. Ecological Applications 10:1318-1326. 
Ferner, J., A. Linstädter, K.-H. Südekum, and S. Schmidtlein. 2015. Spectral indicators of 
forage quality in West Africa’s tropical savannas. International Journal of Applied 
Earth Observation and Geoinformation 41:99-106. 
Fields, A. 2013. Discovering Statistics Using IBM SPSS Statistics. 4th edition. SAGE 
Publications Ltd, London. 
Folke, C., S. R. Carpenter, B. Walker, M. Scheffer, T. Chaptin, and J. Rockström. 2010. 
Resilience Thinking: Integratig Resilience, Adaptability and Transformability. 
Ecology and Society 15 (4). 
103 
 
Folke, C., T. Hahn, P. Olsson, and J. Norberg. 2005. Adaptive governance of social-
ecological systems. Annual Review of Environment and Resources 30:441-473. 
Gaoue, O. G., and T. Ticktin. 2009. Fulani knowledge of the ecological impacts of Khaya 
senegalensis (Meliaceae) foliage harvest in Benin and its implications for 
sustainable harvest. Economic Botany 63:256-270. 
Gatewood, J. B. 1983. Loose talk: linguistic competence and recognition ability. American 
Anthropologist 85(2):378-387. 
Gomez-Baggethum, E., and V. Reyes-Garcia. 2013. Reinterpreting change in traditional 
ecological knowledge. Human Ecology 41:643-647. 
Gouwakinnou, G. N., A. M. Lykke, A. E. Assogbadjo, and B. Sinsin. 2011. Local 
knowledge, pattern and diversity of use of Sclerocarya birrea. Journal of 
ethnobiology and ethnomedicine 7:8. 
GSS. 2012. 2010 population and housing census.Summary report on final 
results.GSS(Ghana Statistical Service). Accra, Ghana. 
Guevara, J. C., E. G. Grünwaldt, O. R. Estevez, A. J. Bisigato, L. I. Blanco, F. N. Biurrun, 
C. A. Ferrando, C. C. Chirino, E. Morici, B. Fernandez, L. I. Allegretti, and C. B. 
Passera. 2008. Range and livestock production in the Monte Desert, Argentina. 
Journal of Arid Environments 73:228-237. 
Guinko, S. 1984. Végétation de la Haute Volta – Thèse présentée à l’Université de 
Bordeaux III, Mskr. 
Guuroh, R. T. 2016. Global change effects on ecosystem’s species composition, 
functions and services of West Africa’s Sudanian savanna grasslands. PhD 
Thesis, University of Bonn, Bonn. 
Hanazaki, N., D.F. Herbst, M.S.Marques, and I.Vanderbroek. 2013. Evidence of shifting 
baseline syndrome in ethnobotamical research. Journal of ethnobiology and 
ethnomedicine 9:75. 
Hansen, N. T., A. Ræbild, and H. H. Hansen. 2012. Management of trees in northern 
Ghana—when the approach of development organizations contradicts local 
practices. Forests, Trees and Livelihoods:1-12. 
104 
 
Heubes, J., I. Kühn, K. König, R. Wittig, G. Zizka, and K. Hahn. 2011. Modelling biome 
shifts and tree cover change for 2050 in West Africa. Journal of Biogeography 
38:2248-2258. 
Homann, S., B. Rischkowsky, J. Steinbach, M. Kirk, and E. Mathias. 2008. Towards 
endogenous livestock development: Borana pastoralists' responses to 
environmental and institutional changes. Human Ecology 36:503-520. 
Houessou, L. G., T. O. Lougbegnon, F. G. H. Gbesso, L. E. S. Anagonou, and B. Sinsin. 
2012. Ethno-botanical study of the African star apple (Chrysophyllum albidum G. 
Don) in the Southern Benin (West Africa). Journal of ethnobiology and 
ethnomedicine 8:40. 
http://worldclim.org/version1. (accessed on April, 2015). 
http://www.cgiar-csi.org/data/global-aridity-and-pet-database. (accessed on April, 2015). 
http://www.westafricanplants.senckenberg.de/root/index.php. Frankfurt, Germany. 
Huber-Sannwald, E., M. R. Palacios, J. T. A. Moreno, M. Braasch, R. M. M. Pena, J. G. 
Verduzco, and K. M. Santos. 2012. Navigating challenges and opportunities of 
land degradation and sustainable livelihood development in dryland social-
ecological systems: a case study from Mexico. Philosophical  Transactions of The 
Royal Society 367:3158-3177. 
Huntington, H. P. 2000. Using traditional ecological knowledge in science: methods and 
applications. Ecological Applications 10:1270-1274. 
Ifejika Speranza, C., B. Kiteme, P. Ambenje, U. Wiesmann, and S. Makali. 2010. 
Indigenous knowledge related to climate variability and change: insights from 
droughts in semi-arid areas of former Makueni District, Kenya. Climatic Change 
100:295-315. 
Ifejika Speranza, C., U. Wiesmann, and S. Rist. 2014. An indicator framework for 
assessing livelihood reslience in the context of social-ecological dynamics. Global 
Environmental Change 28:109-119. 
INSD. 2009. "Résultats préliminaires du recensement général de la population et de 
l'habitat de 2009, in: INSD, Direction de la Demographie, Ouagadougou, Burkina 
Faso, 2009.". Institut National des Statistiqueset de la Demographie 
Ouagadougou. 
105 
 
IPCC. 2007. Climate Change 2007: Synthesis Report. Summary for Policymakers. In: 
Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of 
Working Group II to the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change (eds Parry ML, Canziani OF, Palutikof JP, Van der Linden PJ, 
CE H), Cambridge, UK, Cambridge University Press. 
IPCC. 2013. Climate change 2013: the physical science basis. Workshop Group I 
contribution to the Intergovernmental Panel on Climate Change (IPCC) fifth 
assessment report, Cambridge, UK, Cambridge University Press. 
Jalloh, A., H. Roy-Macauley, and P. Sereme. 2012. Major agro-ecosystems of West and 
Central Africa: Brief description, species richness, management, environmental 
limitations and concerns. Agriculture, Ecosystems & Environment 157:5-16. 
Johnson, J. B., and K. S. Omland. 2004. Model selection in ecology and evolution. Trends 
in Ecology & Evolution 19:101-108. 
Kagone, H. 2006. Country pasture/forage reosurce profiles: Burkina Faso., Rome, Italy. 
Kesse, G. O. 1985. The mineral and rock resources of Ghana. Balkema, Rotterdam, 32-
41. 
Kgosikoma, O., W. Mojeremane, and B. A. Harvie. 2012. Pastoralists' perception and 
ecological knowledge on savanna ecosystem dynamics in semi-arid Botswana. 
Ecology and Society 17:4. 
Kidane, B., T. van Andel, L. J. van de Maesen, and Z. Asfaw. 2014. Use and management 
of traditional medicinal plants by Maale and Ari ethnic communities in southern 
Ethiopia. Journal of ethnobiology and ethnomedicine 10:46. 
Kolavalli, S., E. Robinson, X. Diao, V. Alpureto, R. Folledo, M. Slavova, G. Ngeleza, and 
F. Asante. 2012. Economic Transformation in Ghana: Where Will the Path Lead? 
. Journal of African Development 14. 
Komwihangilo, D. M., D. S. C. Sendalo, F. P. Lekule, L. A. Mtenga, and V. K. Temu. 2001. 
Farmers' knowledge in the utilisation of indigenous browse species for feeding of 
goats in semi arid central Tanzania. Livestock Research for Rural Development 
13:1-7. 
106 
 
Koohafkan, P., and M. J. D. Cruz. 2011. Conservation and adaptive management of 
globally important agricultural heritage systems (GIAHS). Journal of Resources 
and Ecology 2:22-28. 
Korbinian, P. F., M. Finckh, and U. A. Schneider. 2014. Adaptation to New Climate by an 
Old Strategy? Modeling Sedentary and Mobile Pastoralism in Semi-Arid Morocco. 
Land 3:917-940. 
Kristensen, M., and H. Balslev. 2003. Perceptions, use and availability of woody plants 
among the Gourounsi in Burkina Faso. Biodiversity and Conservation 12:1715-
1739. 
Kristensen, M., and A. M. Lykke. 2003. Informant-based valuation of use and 
conservation preferences of savanna trees in Burkina Faso. Economic Botany 
57:203-217. 
Krohmer, J. 2012. Landscape perception, classification, and use among Sahelian Fulani 
in Burkina Faso. Pages 49-82 in L. M. Johnson and E. S. Humm, editors. 
Landscape Ethnoecology: Concepts of Biotic and Physical Space. Berghahn 
Books, New York. 
Kuhn, A., C. Heidecke, A. Roth, H. Goldbach, J. Burkhardt, A. Linstädter, B. Kemmerling, 
and T. Gaiser. 2010. Importance of resource management for livelihood security 
under Climate Change in Southern Morocco. Pages 566-591 in P. Speth, M. 
Christoph, and B. Diekkrüger, editors. Impacts of Global Change on the 
Hydrological Cycle in West and Northwest Africa. Springer, Berlin. 
Langer, A., and U. Ukiwo. 2007. Ethnicity, religion, and the state in Ghana and Nigeria: 
Perceptions from the street. University of Oxford, United Kingdom. 
Lemos, M. C., Y.-J. Lo, D. R. Nelson, H. Eakin, and A. M. Bedran-Martins. 2016. Linking 
development to climate adaptation: Leveraging generic and specific capacities to 
reduce vulnerability to drought in NE Brazil. Global Environmental Change 39:170–
179. 
Linstädter, A., A. Kuhn, C. Naumann, S. Rasch, A. Sandhage-Hofmann, W. Amelung, J. 
Jordaan, C. C. D. Preez, and M. Bollig. 2016. Assessing the resilence of a real-
world social-ecological system: lessons from a multidisciplinary evaluation of a 
South Sfrican pastoral system. Ecology and Society 21(3):35. 
107 
 
Linstädter, A., and G. Baumann. 2013. Abiotic and biotic recovery pathways of arid 
rangelands: Lessons from the High Atlas Mountains, Morocco. CATENA 103:3-15. 
Linstädter, A., B. Kemmerling, G. Baumann, and H. Kirscht. 2013. The importance of 
being reliable - local ecological knowledge and management of forage plants in a 
dryland pastoral system (Morocco). Journal of Arid Environments 95:30-40. 
Linstädter, A., J. Schellberg, K. Brüser, R. J. Oomen, C. Du Preez, J. C. Ruppert, and F. 
A. Ewert. 2014. Are there consistent grazing indicators in drylands? Testing 
functional plant aggregations in South Africa’s grassland and savanna biome. PloS 
ONE 9(8):e104672. 
Liu, J., T. Dietz, S. R. Carpenter, M. Alberti, C. Folke, E. Moran, A. N. Pell, P. Deadman, 
T. Kratz, J. Lubchenco, E. Ostrom, Z. Ouyang, W. Provencher, C. L. Redman, S. 
H. Schneider, and W. W. Taylor. 2007. Complexity of coupled human and natural 
systems. Science 317:1513-1516. 
Lucena, R. F. P., E. L. Araújo, and U. P. Albuquerque. 2007. Does the local availability of 
woody Caatinga  plants (Northeastern Brazil) explain their use value? Economic 
Botany 61:347-361. 
Lucena, R. F. P., P. M. Medeiros, E. L. Araújo, A. G. C. Alves, and U. P. Albuquerque. 
2012. The ecological apparency hypothesis and the importance of useful plants in 
rural communities from Northeastern Brazil: An assessment based on use value. 
Journal of Environmental Management 96:106-115. 
Lykke, A. M., M. K. Kristensen, and S. Ganaba. 2004. Valuation of local use and dynamics 
of 56 woody species in the Sahel. Biodiversity and Conservation. 13:1961–1990. 
Maestre, F. T., R. Salguero-Gomez, and J. L. Quero. 2012. It is getting hotter in 
here:determining and projecting the impacts of global environmental change on 
drylands. Phil.Trans. Soc. B 367:3062-3075. 
Martin, G. J. 2004. Ethnobotany: a methods manual. Earthscan, London, UK. 
Martin, R., A. Linstädter, K. Frank, and B. Müller. 2016. Livelihood security in face of 
drought–Assessing the vulnerability of pastoral households. Environmental 
Modelling & Software 75:414-423. 
108 
 
Martin, R., B. Müller, A. Linstädter, and K. Frank. 2014. How much climate change can 
pastoral livelihoods tolerate? Modelling rangelands and evaluating risk Global 
Environmental Change 24:183-192. 
McAllister, R. R. J. 2010. Livestock mobility in arid and semiarid Australia: escaping 
variability in space. Pastoralism: Research, Practice and Policy. 34:2. 
McClean, C. J., C. L. Jon, W. Küper, L. Hannah, J. H. Sommer, W. Barthlott, M. 
Termansen, F. S. Gideon, T. Simon, and J. R. D. Taplin. 2005. African plant 
diversity and climate change. Annals of the Missouri Botanical Garden 92:139-152. 
McCune, B., and J. B. Grace. 2002. Analysis of Ecological Communities. mjm Software 
Design, Gleneden Beach, Oregon. 
MEA. 2005. Ecosystems and human well-being: Desertification synthesis. World 
Resources Institute, Washington, D.C., USA. 
Mertz, O., S. D’haen, A. Maiga, I. Moussa, B. Barbier, A. Diouf, D. Diallo, E. Da, and D. 
Dabi. 2012. Climate variability and environmental stress in the Sudan-Sahel Zone 
of West Africa. Ambio 41:380-392. 
Mertz, O., C. Mbow, J. Østergaard Nielsen, A. Maiga, R. Diallo, A. Reenberg, A. Diouf, 
B. Barbier, I. Bouzou Moussa, M. Zorom, I. Ouattara, and D. Dabi. 2010. Climate 
factors play a limited role for past adaptation strategies in West Africa. Ecology 
and Society 15(4):25. 
Mertz, O., C. Mbow, A. Reenberg, and A. Diouf. 2009. Farmers’ perceptions of climate 
change and agricultural adaptation strategies in rural Sahel. Environmental 
Management 43:804-816. 
Mertz, O., C. Mbow, A. Reenberg, L. Genesio, E. F. Lambin, S. D'Haen, M. Zorom, K. 
Rasmussen, D. Diallo, B. Barbier, I. B. Moussa, A. Diouf, J. Ø. Nielsen, and I. 
Sandholt. 2011. Adaptation strategies and climate vulnerability in the Sudano-
Sahelian region of West Africa. Atmospheric Science Letters 12:104-108. 
Middelton, N. J., and D. S. G. Thomas. 1997. World atlas of desertification. United Nations 
Environmental Programme (UNEP), London, UK. 
Mortimore, M. J., and W. M. Adams. 2001. Farmer adaptation, change and ‘crisis’ in the 
Sahel. Global Environmental Change 11:49-57. 
109 
 
Müller, B., J. Schulze, D. Kreuer, A. Linstädter, and K. Frank. 2015. How to avoid 
unsustainable side effects of managing climate risk in drylands–The 
supplementary feeding controversy. Agricultural Systems 139:153-165. 
Müller, B., A. Linstädter, K. Frank, M. Bollig, and C. Wissel. 2007. Learning from local 
knowledge: modeling the pastoral-nomadic range management of the Himba, 
Namibia. Ecological Applications 17:1857-1875. 
Nacoulma, B., K. Schumann, S. Traoré, M. Bernhardt-Römermann, K. Hahn, R. Wittig, 
and A. Thiombiano. 2011. Impacts of land-use on West African savanna 
vegetation: a comparison between protected and communal area in Burkina Faso. 
Biodiversity and Conservation 20:3341-3362. 
Naess, L. O. 2013. The role of local knowledge in adaptation to climate change. Wiley 
Interdisciplinary Reviews: Climate Change 4:99-106. 
Nassl, M., and J. Löffler. 2015. Ecosystem services in coupled social-ecological systems: 
Closing the cycle of service provision and societal feedback. Ambio 44:737-749. 
Newsham, A. J., and D. S. G. Thomas. 2011. Knowing, farming and climate change 
adaptation in North-Central Namibia. Global Environmental Change 21:761-770. 
Niamir-Fuller, M. 1998. The resilience of pastoral herding in sahelian Africa. Pages 250-
284 in C. Fikret Berkes and J. C. Folke, editors. Linking social and ecological 
systems: management practices and social mechanisms for building resilience. 
Cambridge University Press, Cambridge. 
Niang, I., O. C. Ruppel, M. A. Abdrabo, A. Essel, C. Lennard, J. Padgham, and P. 
Urquhart, editors. 2014. Africa In Climate Change 2014: Impacts, Adaptation, and 
Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change., 
Cambridge, United Kingdom and New York, USA. 
Nolan, J. M., and M. C. Robbins. 1999. Cultural conservation of medicinal plant use in the 
Ozarks. Human Organization; Spring 58:67-72. 
Nunes, A. T., R. Farias de Lucena, M. V. dos Santos, and U. P. Albuquerque. 2015. Local 
knowledge about forage plants in the semi-arid region of Northeatern Brazil. 
Journal of ethnobiology and ethnomedicine 11:12. 
110 
 
Oba, G. 2012. Harnessing pastoralists' indigenous knowledge for rangeland 
management: three African case studies. Pastoralism: Research, Policy and 
Practice 2:1. 
Oba, G., and L. M. Kaitira. 2006. Herder knowledge of landscape assessments in arid 
rangelands in northern Tanzania. Journal of Arid Environments 66:168-186. 
Olsson, P., and C. Folke. 2001. Local ecological knowledge and institional dynamics for 
ecosystem management: A study of Lake Racken Watershed, Sweden. 
Ecosystems 4:85-104. 
Oppong-Anane, K. 2006. Country pasture/forage profiles: Ghana., Rome, Italy. 
Ostrom, E. 2009. A general framework for analyzing sustainability of social-ecological 
systems. Science 325:419-422. 
Ouédraogo, O., L. Bondé, J. I. Boussim, and A. Linstädter. 2015. Caught in a human 
disturbance trap: Responses of tropical savanna trees to increasing land-use 
pressure. Forest Ecology and Management 354:68-76. 
Pettorelli, N., J. O. Vik, A. Mysterud, J. M. Gaillard, C. J. Tucker, and N. C. Stenseth. 
2005. Using the satellite-derived NDVI to assess ecological responses to 
environmental change. Trends in Ecology & Evolution 20:503-510. 
Pierotti, R., and D. Wildcat. 2002. Traditional ecological knowledge: the third alternative 
(commentary). Ecological Applications 10:1333-1340. 
Pouliot, M., and T. Treue. 2013. Rural people’s reliance on forests and the non-forest 
environment in West Africa: Evidence from Ghana and Burkina Faso. World 
Development 43:180-193. 
Pulido, T. M., and M. Coronel-Ortega. 2015. Ethnoecology of the palm Brahea 
dulcis(Kunth) Mart. in central Mexico. Journal of ethnobiology and ethnomedicine 
11:1. 
Quinlan, M. 2005. Considerations for collecting freelists in the field: examples from 
ethobotany. Field Methods 17:219-234. 
R core team. 2015. Notes on R: A Programming Environment for Data Analysis and 
Graphics. W. N. Venables, D. M. Smith and the R Core Team. 
Reed, M. S., M. Buenemann, J. Atlhopheng, M. Akhtar-Schuster, F. Bachmann, G. 
Bastin, H. Bigas, R. Chanda, A. J. Dougill, W. Essahli, A. C. Evely, L. Fleskens, N. 
111 
 
Geeson, J. H. Glass, R. Hessel, J. Holden, A. A. R. Ioris, B. Kruger, H. P. Liniger, 
W. Mphinyane, D. Nainggolan, J. Perkins, C. M. Raymond, C. J. Ritsema, G. 
Schwilch, R. Sebego, M. Seely, L. C. Stringer, R. Thomas, S. Twomlow, and S. 
Verzandvoort. 2011. Cross-scale monitoring and assessment of land degradation 
and sustainable land management: A methodological framework for knowledge 
management. Land Degradation & Development 22:261-271. 
Reed, M. S., A. J. Dougill, and T. R. Baker. 2008. Participatory indicator development: 
what can ecologists and local communities learn from each other? Ecological 
Applications 18:1253-1269. 
Reed, S. C., K. K. Coe, J. P. Sparks, D. C. Housman, T. J. Zelikova, and J. Belnap. 2012. 
Changes to dryland rainfall result in rapid moss mortality and altered soil fertility. 
Nature Clim. Change 2:752-755. 
Reynolds, J. F., D. M. S. Smith, E. F. Lambin, B. L. Turner, II, M. Mortimore, S. P. J. 
Batterbury, T. E. Downing, H. Dowlatabadi, R. J. Fernandez, J. E. Herrick, E. 
Huber-Sannwald, H. Jiang, R. Leemans, T. Lynam, F. T. Maestre, M. Ayarza, and 
B. Walker. 2007. Global desertification: building a science for dryland 
development. Science 316:847-851. 
Rinawati, F., K. Stein, and A. Lindner. 2013. Climate Change Impacts on Biodiversity-The 
Setting of a Lingering Global Crisis. Diversity 5:114-123. 
Rissman, R. A., and S. Gillon. 2016. Where are ecology and biodiversity in social-
ecological systems research? A review of research methods and applied 
recommendations. Conservation Letters:1-8. 
Roba, H., and G. Oba. 2009. Efficacy of integrating herder knowledge and ecological 
methods for monitoring rangeland degradation in Northern Kenya. Human Ecology 
37:589-612. 
Romney, A. K., and R. D'Andrade. 1964. Cognitive aspects of English kin terms. 
American Anthropologist 66(3):146-170. 
Ruppert, J. C., K. Harmoney, Z. Henkin, H. A. Snyman, M. Sternberg, W. Willms, and A. 
Linstädter. 2015. Quantifying drylands’ drought resistance and recovery: the 
importance of drought intensity, dominant life history and grazing regime. Global 
Change Biology 21:1258-1270. 
112 
 
Ruppert, J. C., A. M. Holm, S. Miehe, E. Muldavin, H. A. Snyman, K. Wesche, and A. 
Linstädter. 2012. Meta-analysis of rain-use efficiency confirms indicative value for 
degradation and supports non-linear response along precipitation gradients in 
drylands. Journal of Vegetation Science 23:1035-1050. 
Safriel, U., and Z. Adeel. 2005. Dryland systems. Pages 623-662 in K. Chopra and R. 
Leemans, editors. Ecosystems and human well-being: current state and trends. 
Island Press, Washington DC, USA. 
Segnon, A. C., and E. G. A. Achigan-Dako. 2014. Comparative analysis of diversity and 
utilization of edible plants in arid and semi-arid areas in Benin. Journal of 
ethnobiology and ethnomedicine 10:80. 
Singh, H. 2008. Importance of local names of some useful plants in ethnobotanical study. 
Indian Journal of Traditional Knowledge 7(2):365-370. 
Smith Jr., W. J., Z. Liu, A. S. Safi, and K. Chief. 2014. Climate change perception, 
observation and policy support in rural Nevada: A comparative analysis of Native 
americans, non-native ranchers and famers and mainstream America. Journal of 
Environmental Science and Policy 42:101-122. 
Sop, T., J. Oldeland, F. Bognounou, U. Schmiedel, and A. Thiombiano. 2012. 
Ethnobotanical knowledge and valuation of woody plants species: a comparative 
analysis of three ethnic groups from the sub-Sahel of Burkina Faso. Environment, 
Development and Sustainability 14:627-649. 
Stafford Smith, D. M., N. Abel, B. Walker, and F. S. Chapin. 2009. Drylands: Coping with 
Uncertainty, Thresholds, and Changes in State. Pages 171-195 in F. Stuart Chapin 
Iii, KofinasG.P, and C. Folke, editors. Principles of Ecosystem Stewardship. 
Springer, New York. 
Steele, M. Z., and C. M. Shackleton. 2010. Using local experts as benchmarks for 
household local ecological knowledge: Scoring in South African savannas. Journal 
of Environmental Management 91:1641-1646. 
Sutrop, U. 2001. List task and a cognitive salience index. Field Methods 13:263-276. 
SWAC/OECD. 2008. Livestock and regional market in the Sahel and West Africa: 
Potentials and challenges. Rue André Pascal, Paris, France. 
113 
 
Teddlie, C., and F. Yu. 2007. Mixed Methods Sampling: A Typology With Examples. 
Journal of Mixed Methods Research 1: 77. 
The Plant List. 2013. Version 1.1. Published on the Internet; http://www.theplantlist.org/ 
(accessed August 26th 2014). 
Thiombiano, A., M. Schmidt, S. Dressler, A. Ouédraogo, K. Hahn, and G. Zizka. 2012. 
Catalogue des plantes vasculaires du Burkina Faso. CONSERVATOIRE ET 
JARDIN BOTANIQUES DE LA VILLE DE GENÈVE, Geneva. 
Thomas, D. S. G., and C. Twyman. 2004. Good or bad rangeland? Hybrid knowledge, 
science, and local understandings of vegetation dynamics in the Kalahari. Land 
Degradation & Development 15:215-231. 
Thompson, E. C., and Z. Juan. 2006. Comparative cultural salience: measures using free-
list data. Field Methods 18:398-412. 
Traoré, L., T. Sop, S. Dayamba, S. Traoré, K. Hahn, and A. Thiombiano. 2013. Do 
protected areas really work to conserve species? A case study of three vulnerable 
woody species in the Sudanian zone of Burkina Faso. Environment, Development 
and Sustainability 15:663-686. 
Traoré, S. B., A. Alhassane, B. Muller, M. Kouressy, L. Some, B. Sultan, Pascal Oettli, A. 
C., S. Laope, S. Sangare, M.Vaksmann, M. Diop, M. Dingkhun, and C. Baron. 
2011. Characterizing and modeling the diversity of cropping situations under 
climatic constraints  in West Africa. Atmospheric Science Letters 12:89–95. 
Turner, M. D., J. G. McPeak, and A. Ayantunde. 2014. The Role of Livestock Mobility in 
the Livelihood Strategies of Rural Peoples in Semi-Arid West Africa. Human 
Ecology 42:231-247. 
UNEP. 1997. World atlas of desertification. United Nations Environmental Programme 
(UNEP), London, UK. 
Vignola, R., C. A. Harvey, P. Bautista-Solis, J. Avelino, B. Rapidel, C. Donatti, and R. 
Martinez. 2015. Ecosystem-based adaptation for smallholder farmers: Definitions, 
opportunities and constraints. Agriculture, Ecosystems and Enviornment 211:126-
132. 
114 
 
Waongoa, M., P. Lauxb, and H. Kunstmanna. 2015. Adaptation to climate change: The 
impacts of optimized plantingdates on attainable maize yields under rainfed 
conditions in Burkina Faso. Agricultural and Forest Meteorology 205 23–39. 
Waziri, A. F., S. A. Anka, A. Y. Bala, and H. Shehu. 2013. A Comparative Analysis of 
Nutrients and Mineral Elements Content of Andropogon gayanus Kunth and 
Pennisetum pedicellatum Trin Nigerian Journal of Basic and Applied Science 
21(1):60-64  
Wesuls, D., and H. Lang. 2010. Perceptions and measurements: the assessment of 
pasture states in a semi-arid area of Namibia. Human Ecology 38:305-312. 
Whittaker, R. H. 1977. Evolution  of  species  diversity  in land communities. In: M.K. 
Hecht, W.C. Streere and B. Wallace (eds.). Evolutionary Biology Plenum, New 
York. 
Wiegand, T., H. A. Snyman, K. Kellner, and J. M. Paruelo. 2004. Do grasslands have a 
memory: Modeling phytomass production of a semiarid South African grassland. 
Ecosystems 7:243-258. 
Wood, T. N. 2013. Agricultural development in the northern savannah of Ghana. 
University of Nebraska, Lincoln. 
World Bank. 2008. World Development Report 2009: Reshaping Economic Geography. 
IBRD, WB, Washington, US. 
Yaro, J. A. 2004. Combating Food Insecurity in Northern Ghana: Food Insecurity and 
Rural Livelihood Strategies in Kajelo, Chiana aand Korania. Ocassional Paper N 
44. Department of Sociology and Human Geography, University of Oslo. 
Zampaligré, N., L. H. Dossa, and E. Schlecht. 2013. Contribution of browse to ruminant 
nutrition across three agro-ecological zones of Burkina Faso. Journal of Arid 
Environments 95:55-64. 
Zerbo, I., M. Bernhardt-Römermann, O. Ouedraogo, K. Hahn, and A. Thiombiano. 2016. 
Effects of climate and land use on herbaceous species richness and vegetation 
composition in West African savanna ecosystems. Journal of Botany 2016:11. 
Zizka, A., A. Thiombiano, S. Dressler, B. M. Nacoulma, A. Ouédraogo, I. Ouédraogo, O. 
Ouédraogo, G. Zizka, K. Hahn, and M. Schmidt. 2015. Traditional plant use in 
115 
 
Burkina Faso (West Africa): a national-scale analysis with focus on traditional 
medicine. Journal of ethnobiology and ethnomedicine 11:9. 
Zuur, A. F. 2009. Mixed effects models and extensions in ecology with R. Springer, New 
York. 
Zuur, A. F., E. N. Ieno, and C. S. Elphick. 2010. A protocol for data exploration to avoid 
common statistical problems. Methods in Ecology & Evolution 1:3-14. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
116 
 
Appendices 
Appendix 1: Structured questionnaire for performance of  individual ethnobotanical 
surveys for obtaining alternative information from local agro-pastoralists on LEK 
distributional patterns, valaution criteria and local perception forage species diversity in 
for both Ghana and Burkina Faso. 
General introduction: This structured questionnaire is designed to understand, document 
and assess valuable ethnobotanical knowledge on available forage resources by local 
agro-pastoralists (‘local experts’) in above-mentioned West African countries. 
Respondents are assured that all information being gathered from them is exclusively 
used for academic purposes and would be treated as confidential and not used with ill 
intent (for local field assistants). 
Section I: Demographic profile of respondents 
1.1 Name of respondent (optional)  
1.2 Name of community (location)  
1.3 Age/age class (in years)  
1.4 Gender Male Female 
1.5 Ethnicity Dagbani Mossi Gurunsi 
1.6 Educational level No school Primary Secondary Tertiary 
1.7 Religion Christian Muslim Traditional Atheist 
1.8 Household size  
1.9 Residential status Native Migrant settler Nomadic 
1.10Date of interview 
(DD/MM/YYYY) 
 
1.11 Name of interviewer  
 
Section II: Implicit ranking based on free-recall of forage resources 
Intro: I will write down your responses and later ask you further questions about a list of 
plants that you will tell me! 
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Q1: Please name as many as possible plants and/or crop residues which are important 
for feeding cattle, goats and sheep in your vicinity! 
Free list of fodder plants Free list continues 
  
  
  
  
  
  
  
  
  
 
Section III: Explicit ranking of forage resources in different seasonal types 
Note: Now let us please look at the first list again! 
Q2: From all these fodder plants and/ or crop residues mentioned before, which ones 
are important to the livestock in the rainy season? (Please rank them from most 
important to least important)-using the first list 
Seasonal ranking of fodder plants Seasonal ranking continues 
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Q3: What criteria have you used for the above rainy season ranking of forage resources 
(Why?) (Please write down the answer in keywords/short sentences). 
a.  
b.  
c.  
d.  
 
Q4: Which of these fodder plants, in your first list, are important ones to the livestock in 
the dry season? (Please rank them from most important to least important) 
Seasonal ranking of fodder plants Seasonal ranking continues 
  
  
  
  
  
  
  
  
  
Q5: What criteria have you used for the above dry season ranking of forage resources 
(Why?) (Please write down the answer in keywords/short sentences). 
a.  
b.  
c.  
d.  
 
Section IV: Livestock preferences for forage resources (preferential ranking by locals) 
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Q6: Which fodder plants and/or crop residues do your cattle like to feed on? (Please 
rank 5 of them from highly favored/palatable to least favored/palatable)-using the first 
list. 
Preferential ranking of fodder plants Preferential ranking continues 
  
  
  
  
  
Q7: What criteria have you used for the above preferential ranking of forage resources 
for cattle (Why)?  (Please write down the answer in keywords/short sentences) 
a. 
b. 
c. 
d. 
 
Q8: What do your goats like to feed on? (Please rank 5 of them from highly 
favored/palatable to least favored/palatable)-using the first list. 
Preferential ranking of fodder plants Preferential ranking continues 
  
  
  
  
  
Q9: What criteria have you used for the above preferential ranking of forage resources 
for goats (Why)?  (Please write down the answer in keywords/short sentences) 
a. 
b. 
c. 
d. 
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Q10: What kind of fodder plants and/or crop residues do your sheep also like to feed 
on? (Please rank 5 of them from highly favored/palatable to least favored/palatable)-
using the first list. 
Preferential ranking of fodder plants Preferential ranking continues 
  
  
  
  
  
Q11: What criteria have you used for the above preferential ranking of forage resources 
for sheep (Why)?  (Please write down the answer in keywords/short sentences) 
a. 
b. 
c. 
d. 
 
Q12: What fodder plants and/or crop residues do your cattle, goats & sheep totally refuse 
to feed on? (Please rank 5 of them from highly favored/palatable to least 
favored/palatable)-using the first list. 
Preferential ranking of fodder plants Preferential ranking continues 
  
  
  
  
  
Q13: Why do these animals (cattle, goats & sheep) totally refuse to feed on available 
forage plants at all seasons? (Please write down the answer in keywords/short 
sentences) 
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a. 
b. 
c. 
d. 
 
Section V: Ecological parameters (habitat types and dominance/abundance of fodder 
plants) 
i. Habitat types 
Q14: Where are these above-mentioned fodder plants and/or crop residues found within 
your landscape? 
Lowland (L) Highland/Upland (H) Other habitat-please specify 
   
   
   
   
   
   
   
   
   
 
ii. Dominance/abundance 
Q15: What do you say about the number or population size of these preferred fodder 
plants and/or crop residues for your 3 livestock types (dominance/abundance)? 
Many (common) Few (not common) Rare or locally extinct 
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Section VI: Changes over time: Trends and drivers 
i. Trends 
Q15: What do you say about the number or population size of these preferred fodder 
plants and/or crop residues for your 3 livestock types (dominance/abundance)? 
Decreasing (D) trend Increasing (I) trend Stable (S) trend 
   
   
   
   
   
   
   
ii. Ecological divers 
Q18: What do you think are the possible causes responsible for the changing 
population size of these named fodder plants and/or crop residues? (Please write 
down the answer in keywords/short sentences) 
a. 
b. 
c. 
d. 
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iii. The way forward 
Q18: What do you think can be done individually and collectively to handle such 
changes in fodder plants and/or crop residues numbers? (Please write down the 
answer in keywords/short sentences) 
a. 
b. 
c. 
d. 
 
The END! 
Thank you very much for your time! 
 
 
 
 
 
 
 
 
 
 
 
124 
 
Appendix 2: Specific study sites and sampling overview for LEK investigation across the 
delineated Climatic Zones as well as the districts or provinces in both Ghana and Burkina 
Faso.  
* =Own population estimates from field data in 2013. Population data obtained from GSS 
(2012)1 and INDS (2006)2. 
1GSS (2012) "2010 population and housing census. Summary report on final results." Ghana Statistical Service Report. 
2INDS (2009) "Résultats préliminaires du recensement général de la population et de l'habitat de 2009, in: INSD, 
Direction de la Demographie, Ouagadougou, Burkina Faso, 2009." Institut National des Statistiqueset de la 
Demographie Ouagadougou. 
 
 
 
 
 
 
Country Villages (sites) District/Province Ethnic group Aridity class Population # size 
Ghana Sang Mion Dagbani 0.69 8,189 30 
 Jegun  Savelugu-Nanton Dagbani 0.54 654 30 
 Cheko Tamale Metroplis Dagbani 0.55 296 30 
 Nbatinga Mion Dagbani 0.65 1,036 30 
 Kpabia Mion Dagbani 0.67 3,173 30 
 Aniabiisi Bolga Municipal Gurunsi 0.44 500 30 
 Nangodi Nabdam Gurunsi 0.48 3912 30 
Burkina Faso Wallem/Kadro Po  Gurunsi o.48 900* 30 
 Kolo Jaro  Gurunsi 0.50 2155 30 
 Tiebele Po  Gurunsi 0.44 54985 30 
 Nobere Manga  Mossi 0.44 3594 30 
 Jegemtenga Ouagadougou  Mossi 0.38 600* 30 
 Rapadama Ouagadougou  Mossi 0.36 2167 30 
 Boore Yaku  Mossi 0.32 1587 30 
 Soubeira-Natenga Kaya  Mossi 0.33 4542 30 
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Appendix 3: Summary of the ten most dominant forage species composition given by 
local agro-pastoralists located in individual studied rural communities located in both 
Ghana and Burkina Faso. 
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Note: Adandigi=Adansonia digitata L., Acacdudg=Acacia dudgeonii Craib ex Holland, Acacsieb=Acacia 
sieberiana DC., Afzeafri=Afzelia africana Smith ex Pers., Arachypo=Arachis hypogaea L., 
Alysrugo=Alysicarpus rugosus (Willd.) DC., Andrcont=Andropogon contortus L., Andrgaya=Andropogon 
gayanus Kunth, Bombcost=Bombax costatum Pellegr. & Vuill., Cajacaja=Cajanus cajan (L.) Millsp., 
Cymb.giga= Cymbopogon giganteus Chiov., Cypediff=Cyperus difformis L., Digihori=Digitaria horizontalis 
Willdenow, Dioscaye=Dioscorea cayenensis Lam., Eleuindi=Eleusine indica (L.) Gaertn, 
Faidalbi=Faidherbia albida (Del.), Ficuaspe=Ficus aspera, Ficusyco=Ficus sycomorus L., 
Khaysene=Khaya senegalensis (Desr.) A. Juss., Lannmicr=Lannea microcarpa Engl. & K. Krause, 
Loudtogo=Loudetia togoensis (Pilg.) C. E. Hubb., Ipomerio= Ipomoea eriocarpa R. Br., Maniescu=Manihot 
esculenta Crantz, Oryzsati=Oryza sativa L., Pennglau=Pennisetum glaucum L., Pennpedi=Pennisetum 
pedicellatum Trin, Ptererin=Pterocarpus erinaceus Lam., Rottcoch=Rottboellia cochinchinensis (Lour.) W. 
D. Clayton, Sidaacut=Sida acuta Burm. F., Sorgbico=Sorghum bicolor (L.) Moench, Vignungu=Vigna 
unguiculata (L.) Walp, Vignsubt=Vigna subterranea (L.) Verdc., Zeamays=Zea mays L. and 
Zizimari=Ziziphus Mauritania Lam. 
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Appendix 4A: Post hoc tests with ethnicity-based model for significant interacting effect 
between ethnicity and gender on LEK of herbaceous forage plant species.  
Comparisons Estimate Std. Error z value p (>|z|) 
2.0 1.0 0.00 0.14 0.03 1.000 
3.0 1.0 -0.16 0.15 -1.07 0.874 
1.1 1.0 0.53 0.07 7.29 < 0.001*** 
2.1 1.0 0.29 0.14 2.03 0.294 
3.1 1.0 0.02 0.14 0.13 1.000 
3.0 2.0 -0.16 0.15 -1.10 0.862 
1.1 2.0 0.53 0.14 3.76 0.002** 
2.1 2.0 0.28 0.08 3.74 0.002** 
3.1 2.0 0.02 0.14 0.11 1.000 
1.1 3.0 0.69 0.14 4.83 < 0.001*** 
2.1 3.0 0.45 0.14 3.09 0.021* 
3.1 3.0 0.18 0.08 2.12 0.245 
2.1 1.1 -0.24 0.14 -1.76 0.453 
3.1 1.1 -0.51 0.14 -3.65 0.003** 
3.1 2.1 -0.27 0.14 -1.89 0.368 
Note: 1.0 = Dagbani female, 1.1 = Dagbani male, 2.0 = Gurunsi female, 2.1 = Gurunsi male, 3.0 = Mossi 
female, 3.1 = Mossi male. 
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Appendix 4B: Post hoc test with ethnicity-based model for significant interacting effect 
between ethnicity and gender on LEK of woody forage plant species.  
Comparisons Estimate Std. Error z value p (>|z|) 
2.0 1.0 -0.65 0.12 -5.23 < 0.001*** 
3.0 1.0 -0.47 0.12 -3.89 0.001** 
1.1 1.0 -0.25 0.06 -4.22 < 0.001*** 
2.1 1.0 -0.52 0.12 -4.27 < 0.001*** 
3.1 1.0 -0.37 0.12 -3.09 0.020* 
3.0 2.0 0.17 0.13 1.36 0.723 
1.1 2.0 0.40 0.13 3.15 0.017* 
2.1 2.0 0.12 0.07 1.66 0.522 
3.1 2.0 0.27 0.13 2.16 0.227 
1.1 3.0 0.22 0.12 1.80 0.425 
2.1 3.0 -0.05 0.13 -0.39 0.999 
3.1 3.0 0.10 0.07 1.47 0.649 
2.1 1.1 -0.27 0.12 -2.19 0.215 
3.1 1.1 -0.12 0.12 -1.00 0.905 
3.1 2.1 0.15 0.13 1.19 0.817 
Note: 1.0 = Dagbani female, 1.1 = Dagbani male, 2.0 = Gurunsi female, 2.1 = Gurunsi male, 3.0 = Mossi 
female, 3.1 = Mossi male. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
130 
 
Appendix 4C: Post hoc test with aridity-based model for significant interacting effect 
between aridity class and gender on total forage plant species.  
Comparisons Estimate Std. Error z value p (>|z|) 
2.0 1.0 0.01 0.08 0.11 1.000 
3.0 1.0 0.33 0.09 3.64 0.005** 
4.0 1.0 0.46 0.09 5.10 < 0.001*** 
1.1 1.0 0.06 0.05 1.26 0.891 
2.1 1.0 0.20 0.08 2.50 0.164 
3.1 1.0 0.31 0.09 3.42 0.012* 
4.1 1.0 0.42 0.09 4.63 < 0.001*** 
3.0 2.0 0.33 0.09 3.72 0.004** 
4.0 2.0 0.46 0.09 5.26 < 0.001*** 
1.1 2.0 0.05 0.08 0.64 0.998 
2.1 2.0 0.20 0.04 4.66 < 0.001*** 
3.1 2.0 0.31 0.09 3.48 0.010** 
4.1 2.0 0.41 0.09 4.76 < 0.001*** 
4.0 3.0 0.13 0.10 1.37 0.844 
1.1 3.0 -0.27 0.09 -2.99 0.047* 
2.1 3.0 -0.13 0.09 -1.50 0.773 
3.1 3.0 -0.02 0.05 -0.40 1.000 
4.1 3.0 0.09 0.10 0.93 0.979 
1.1 4.0 -0.40 0.09 -4.45 < 0.001*** 
2.1 4.0 -0.26 0.09 -3.03 0.041* 
3.1 4.0 -0.15 0.10 -1.57 0.731 
4.1 4.0 -0.04 0.05 -0.92 0.980 
2.1 1.1 0.14 0.08 1.76 0.597 
3.1 1.1 0.25 0.09 2.76 0.087 
4.1 1.1 0.36 0.09 3.97 0.002** 
3.1 2.1 0.11 0.09 1.27 0.890 
4.1 2.1 0.22 0.09 2.53 0.153 
4.1 3.1 0.11 0.10 1.13 0.938 
Note: 1.0 = Dry semiarid female, 1.1 = Dry semiarid male, 2.0 = Moist semiarid female, 2.1 = Moist semiarid 
male, 3.0 = Dry sub-humid female, 3.1 = Dry sub-humid male, 4.0 = Humid female and 4.1 = Humid male. 
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Appendix 4D: Post hoc test with aridity-based model for significant interacting effect 
between aridity class and gender on crop-related forage plant species.  
Comparisons Estimate Std. Error z value p (>|z|) 
2.0 1.0 0.10 0.08 1.18 0.936 
3.0 1.0 0.45 0.09 5.28 < 0.001*** 
4.0 1.0 0.68 0.08 8.19 < 0.001*** 
1.1 1.0 -0.04 0.08 -0.42 1.000 
2.1 1.0 0.20 0.08 2.41 0.232 
3.1 1.0 0.32 0.09 3.57 0.009** 
4.1 1.0 0.48 0.09 5.61 < 0.001*** 
3.0 2.0 0.35 0.08 4.47 < 0.001*** 
4.0 2.0 0.58 0.08 7.61 < 0.001*** 
1.1 2.0 -0.13 0.08 -1.61 0.745 
2.1 2.0 0.10 0.07 1.40 0.858 
3.1 2.0 0.22 0.08 2.65 0.136 
4.1 2.0 0.38 0.08 4.83 < 0.001*** 
4.0 3.0 0.22 0.08 2.80 0.093 
1.1 3.0 -0.49 0.09 -5.65 < 0.001*** 
2.1 3.0 -0.26 0.08 -3.30 0.021* 
3.1 3.0 -0.13 0.08 -1.68 0.698 
4.1 3.0 0.03 0.08 0.34 1.000 
1.1 4.0 -0.71 0.08 -8.54 < 0.001*** 
2.1 4.0 -0.48 0.07 -6.46 < 0.001*** 
3.1 4.0 -0.36 0.08 -4.31 < 0.001** 
4.1 4.0 -0.20 0.07 -2.68 0.127 
2.1 1.1 0.23 0.08 2.83 0.087 
3.1 1.1 0.35 0.09 3.94 0.002** 
4.1 1.1 0.52 0.09 5.98 < 0.001*** 
3.1 2.1 0.12 0.08 1.50 0.806 
4.1 2.1 0.28 0.08 3.67 0.006** 
4.1 3.1 0.16 0.09 1.89 0.557 
Note: 1.0 = Dry semiarid female, 1.1 = Dry semiarid male, 2.0 = Moist semiarid female, 2.1 = Moist semiarid 
male, 3.0 = Dry sub-humid female, 3.1 = Dry sub-humid male, 4.0 = Humid female and 4.1 = Humid male. 
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Appendix 4E: Post hoc test with aridity-based model for significant interacting effect 
between aridity class and age class on total forage plant species.  
Comparisons Estimate Std. Error z value p (>|z|) 
2.1 1.1 0.06 0.09 0.70 1.000 
3.1 1.1 0.35 0.10 3.58 0.014* 
4.1 1.1 0.48 0.10 4.98 <0.01*** 
1.2 1.1 -0.02 0.06 -0.27 1.000 
2.2 1.1 0.15 0.09 1.71 0.828 
3.2 1.1 0.37 0.10 3.83 <0.01** 
4.2 1.1 0.48 0.10 4.93 <0.01*** 
1.3 1.1 0.10 0.06 1.70 0.832 
2.3 1.1 0.12 0.09 1.31 0.969 
3.3 1.1 0.24 0.10 2.42 0.337 
4.3 1.1 0.36 0.10 3.72 <0.01** 
3.1 2.1 0.29 0.09 3.11 0.064 
4.1 2.1 0.42 0.09 4.59 <0.01*** 
1.2 2.1 -0.08 0.09 -0.88 0.999 
2.2 2.1 0.09 0.05 1.74 0.813 
3.2 2.1 0.31 0.09 3.38 0.029* 
4.2 2.1 0.42 0.09 4.53 <0.01*** 
1.3 2.1 0.04 0.09 0.44 1.000 
2.3 2.1 0.05 0.05 1.05 0.995 
3.3 2.1 0.18 0.09 1.90 0.713 
4.3 2.1 0.30 0.09 3.25 0.042* 
4.1 3.1 0.13 0.10 1.31 0.970 
1.2 3.1 -0.37 0.10 -3.73 <0.01** 
2.2 3.1 -0.20 0.09 -2.17 0.517 
3.2 3.1 0.02 0.06 0.41 1.000 
4.2 3.1 0.13 0.10 1.26 0.977 
1.3 3.1 -0.25 0.10 -2.58 0.247 
2.3 3.1 -0.23 0.09 -2.53 0.275 
3.3 3.1 -0.11 0.06 -1.84 0.753 
4.3 3.1 0.01 0.10 0.13 1.000 
1.2 4.1 -0.50 0.10 -5.12 <0.01*** 
2.2 4.1 -0.33 0.09 -3.64 0.012* 
3.2 4.1 -0.11 0.10 -1.07 0.994 
4.2 4.1 0.00 0.06 -0.08 1.000 
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1.3 4.1 -0.38 0.10 -3.98 <0.01** 
2.3 4.1 -0.37 0.09 -4.00 <0.01** 
3.3 4.1 -0.24 0.10 -2.38 0.364 
4.3 4.1 -0.12 0.06 -2.09 0.570 
2.2 1.2 0.17 0.09 1.89 0.720 
3.2 1.2 0.39 0.10 3.98 <0.01** 
4.2 1.2 0.49 0.10 5.07 <0.01*** 
1.3 1.2 0.12 0.06 1.96 0.671 
2.3 1.2 0.13 0.09 1.49 0.925 
3.3 1.2 0.26 0.10 2.58 0.248 
4.3 1.2 0.38 0.10 3.86 <0.01** 
3.2 2.2 0.22 0.09 2.43 0.335 
4.2 2.2 0.33 0.09 3.58 0.014* 
1.3 2.2 -0.05 0.09 -0.58 1.000 
2.3 2.2 -0.03 0.05 -0.68 1.000 
3.3 2.2 0.09 0.09 0.95 0.998 
4.3 2.2 0.21 0.09 2.31 0.416 
4.2 3.2 0.10 0.10 1.03 0.996 
1.3 3.2 -0.27 0.10 -2.83 0.138 
2.3 3.2 -0.26 0.09 -2.79 0.152 
3.3 3.2 -0.13 0.06 -2.24 0.459 
4.3 3.2 -0.01 0.10 -0.11 1.000 
1.3 4.2 -0.38 0.10 -3.93 <0.01** 
2.3 4.2 -0.36 0.09 -3.95 <0.01** 
3.3 4.2 -0.24 0.10 -2.34 0.395 
4.3 4.2 -0.11 0.06 -2.01 0.631 
2.3 1.3 0.02 0.09 0.18 1.000 
3.3 1.3 0.14 0.10 1.42 0.945 
4.3 1.3 0.26 0.10 2.71 0.184 
3.3 2.3 0.12 0.09 1.32 0.968 
4.3 2.3 0.25 0.09 2.67 0.203 
4.3 3.3 0.12 0.10 1.20 0.984 
Note: 1.1 = Dry semiarid young, 1.2 = Dry semiarid middle-aged, 1.3 = Dry semiarid older adults, 2.1 = 
Moist semiarid young, 2.2 = Moist semiarid middle-aged, 2.3 = Moist semiarid older adults, 3.1 = Dry sub-
humid young, 3.2 = Dry sub-humid middle-aged, 3.3 = Dry sub-humid older adults, 4.1 = Humid young, 4.2 
= Humid middle-aged and 4.3 = Humid older adults. 
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Appendix 5: Post hoc tests for the climatic variable significant for explained variance in 
local valuation criteria for forage resources by agro-pastoralists. 
A. CriRS post hoc results 
Aridity comparisons Estimate Std. Error z value r Pr(>|z|) 
Moist semiarid-dry semiarid (2-1) 0.58941 0.09904 5.951 0.26 <0.001 
Dry subhumid-dry semiarid (3-1) 0.82955 0.1092 7.596 0.33 <0.001 
Humid-dry semiarid (4-1) 0.76199 0.11036 6.904 0.30 <0.001 
Dry subhumid-moist semiarid (3-2) 0.24014 0.09622 2.496 0.11 0.060 
Humid-Moist semiarid (4-2) 0.17258 0.09752 1.77 0.08 0.287 
Humid-dry subhumid (4-3) -0.0676 0.10788 -0.626 -0.03 0.923 
B. CriDS post hoc results 
Aridity comparisons Estimate Std. Error z value  r Pr(>|z|) 
Moist semiarid-dry semiarid (2-1) 0.556507 0.087948 6.328  0.28 <0.001 
Dry subhumid-dry semiarid (3-1) 0.876066 0.095434 9.18  0.40 <0.001 
Humid-dry semiarid (4-1) 0.868575 0.095581 9.087  0.40 <0.001 
Dry subhumid- moist semiarid (3-2) 0.319559 0.078037 4.095  0.18 <0.001 
Humid-Moist semiarid (4-2) 0.312068 0.078217 3.99  0.17 <0.001 
Humid-dry subhumid (4-3) -0.00749 0.086549 -0.087  -0.004 1.000 
C. Cricattle post hoc results 
Aridity comparisons Estimate Std. Error z value r Pr(>|z|) 
Moist semiarid-dry semiarid (2-1) 0.58137 0.11732 4.955 0.22 <0.001 
Dry subhumid-dry semiarid (3-1) 0.88214 0.13016 6.777 0.30 <0.001 
Humid-dry semiarid (4-1) 0.84142 0.13073 6.436 0.28 <0.001 
Dry subhumid- moist semiarid (3-2) 0.30077 0.11907 2.526 0.11 0.056 
Humid-Moist semiarid (4-2) 0.26005 0.1197 2.173 0.10 0.130 
Humid-dry subhumid (4-3) -0.04072 0.13232 -0.308 -0.01 0.990 
D. Crigoats post hoc results 
Aridity comparisons Estimate Std. Error z value r Pr(>|z|) 
Moist semiarid-dry semiarid (2-1) 0.61857 0.11325 5.462 0.24 <0.001 
Dry subhumid-dry semiarid (3-1) 0.87842 0.12562 6.993 0.30 <0.001 
Humid-dry semiarid (4-1) 0.85617 0.12596 6.797 0.30 <0.001 
Dry subhumid- moist semiarid (3-2) 0.25985 0.11338 2.292 0.10 0.099 
Humid-Moist semiarid (4-2) 0.2376 0.11374 2.089 0.10 0.156 
Humid-dry subhumid (4-3) -0.02225 0.1261 -0.176 -0.01 0.998 
E. Crisheep post hoc results 
Aridity comparisons Estimate Std. Error z value r Pr(>|z|) 
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Moist-dry semiarid (2-1) 0.60123 0.10614 5.665 0.25 <0.001 
Dry subhumid-dry semiarid (3-1) 0.91172 0.11635 7.836 0.34 <0.001 
Humid-dry semiarid (4-1) 0.87036 0.11699 7.439 0.32 <0.001 
Dry subhumid- moist semiarid (3-2) 0.31049 0.10292 3.017 0.13 0.013 
Humid-Moist semiarid (4-2) 0.26912 0.1037 2.595 0.11 0.046 
Humid-dry subhumid (4-3) -0.04137 0.11415 -0.362 -0.02 0.984 
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Appendix 6: Performance of the superior aridity-based models for number of citations of 
local valuation crtiteria for forage resources (be it rainy and dry seasons, cattle, goats and 
sheep preferences as outcome variables). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1510.00
1520.00
1530.00
1540.00
1550.00
1560.00
1570.00
1580.00
1590.00
Rain season Dry season Cattle Goats Sheep
R
ES
PE
C
TI
V
E 
A
IC
 V
A
LU
ES
NUMBER OF LOCAL VALUATION CRITERIA GROUPS
Ethnicity (AIC)
Aridity (AIC)
137 
 
Appendix 7: PCA using varimax rotation with Kaiser Normalization indicating independent 
variables with high loadings for various principal components for further analysis. 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variables Component 
  1 2 3 
Ethnicity of informant 0.973 0.036 0.021 
Aridity class of a village 0.972 0.043 0.004 
Gender of informant -0.054 0.778 -0.149 
Residential status 0.130 0.741 0.124 
Age class of informant -0.056 0.222 0.791 
Educational background -0.082 0.278 -0.744 
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Appendix 8: Vernacular names for cover terms used by local agro-pastoralists from 
different ethnic backgrounds for various forage types in the study area. 
Forage types Dagbani vernacular Mossi vernacular Gurunsi vernacular 
      Frafra Kasena Nabit 
Grasse(s) Mogu (More) Moo (Moogu) Muo/mooro Gaa (Gao) Muo(Muut) 
Tree(s) Tia (Tiihi) Tiiga (Tiisi) Tia/Tiisi Teo (Teeni) Tii(Tiih) 
Crop(s) Binderogu Yambri (Yamdo)  Buu/Buusi Varawudeo(-diiro)  Zoot(Zoot) 
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Appendix 9: Vernacular names for cover terms used by local agro-pastoralists from 
different ethnic backgrounds for varied livestock types in the study area. 
Livestock types Dagbani vernacular Mossi vernacular Gurunsi vernacular 
      Frafra Kasena Nabit 
Cattle Naao (Nii) Naafu (Niini) Naaho (Nii) Naao(Naani) Nao(Nigi) 
Goats Bua (Bue) Buuga (Buusi) Bua (Buusi) Bugu (Bum) Buo(Buus) 
Sheep Pegu (Peri) Pisigu (Piisi) Pisiku (Piisi) Pie (Piini) Piho(Pihi)  
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Appendix 10:  Forage species diversity metrics for respective villages sampled in both 
Ghana and Burkina Faso.  
No Sampled village  SR SE H SDI 
1 Sang 83 0.87 3.86 0.97 
2 Cheko 76 0.90 3.88 0.97 
3 Jegun 71 0.88 3.76 0.97 
4 Nbatinga 67 0.87 3.64 0.97 
5 Kpabia 63 0.87 3.60 0.96 
6 Aniabiisi 81 0.83 3.65 0.96 
7 Wallem 49 0.87 3.38 0.96 
8 Kolo 42 0.87 3.24 0.95 
9 Tiebelle 53 0.89 3.52 0.96 
10 Nangodi 44 0.89 3.38 0.96 
11 Nobere 51 0.85 3.35 0.95 
12 Jegemtenga 52 0.84 3.32 0.95 
13 Rapadama 53 0.85 3.36 0.95 
14 Sirgui 52 0.87 3.43 0.96 
15 Boore 49 0.87 3.39 0.96 
16 Soubeira-Natenga 53 0.90 3.58 0.97 
Note: Species richness figures involve majority of forage species commonly cited in sampled villages. SR 
= Species richness. SE = Species evenness. H = Shannon-Wiener Diversity Index. SDI = Simpson’s 
Diversity Index. 
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Appendix 11: Perceived local ecological drivers responsible for abundance trends in 
forage plants in the study region. 
Perceived ecological drivers CSI Frequency (%) Average Rank 
Rainfall variability 0.375 47.30 1.89 
Tree cutting/deforestation 0.276 45.20 2.53 
Drought 0.250 30.80 1.67 
Agricultural expansion 0.235 35.40 2.50 
Bushfires 0.221 33.10 2.44 
Human population increase 0.144 21.50 2.66 
Soil fertility decline 0.096 16.30 2.72 
Overgrazing 0.073 12.50 3.03 
Reproduction of grasses and trees and crops 0.072 12.50 2.94 
Natural phenomenon 0.049 7.60 2.65 
Planting or protection of economic or very useful trees 0.048 9.10 3.29 
Use of chemicals to spray grasses 0.042 7.80 3.49 
Animal population increase 0.038 6.70 3.69 
Firewood/charcoal production 0.025 5.10 3.59 
Chemical fertilizer use 0.020 3.40 2.72 
Continuous farming/weeding 0.019 4.00 3.14 
Infrastructural development(houses) 0.015 2.90 3.27 
Destruction of trees/crops by elephants &other animals 0.014 3.00 2.88 
Good soils 0.013 2.10 2.82 
Poverty 0.011 2.30 3.50 
Destruction of plants by wind 0.011 2.10 3.36 
Scarcity of farming lands 0.010 1.70 2.67 
High temperatures (too much sun) 0.008 1.50 2.50 
Improved understanding and exposure now to crop varieties 0.006 1.30 3.14 
We dont plant more trees 0.005 0.80 2.25 
Overuse of useful grasses for roofing purposes 0.005 0.80 2.25 
Plants/grasses are no use to humans beings 0.004 0.80 3.75 
Lack of alternative economic ventures 0.004 1.10 4.33 
Establishment of forest reserve 0.004 0.80 2.50 
No more many farmers interested 0.004 0.60 2.67 
Grasses are naturally occurring grasses(need no planting) 0.004 0.60 2.67 
Tree prunning 0.003 0.40 2.00 
Weeding (some plants like weeding) 0.003 0.40 3.50 
Some grasses kill others e.g. Bulaasani kills tantee 0.003 0.40 1.50 
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Appearance of different grass species 0.003 0.40 2.50 
Despite bushfires, plants grow fast and increase in numbers 0.003 0.40 2.00 
Bad methods of farming 0.003 0.40 2.00 
No interest in growing some particular plants 0.002 0.60 3.67 
Rocky topography 0.002 0.40 3.00 
Transportation difficulties due to bad roads 0.002 0.40 5.50 
Wet and dry soil types 0.002 0.40 3.00 
Labour cost of bringing feeding home 0.002 0.40 4.50 
Neglect of customs with tendaana (landlord) 0.002 0.40 2.00 
More trees and grasses negatively affect crops growth 0.002 0.40 4.00 
No freqquent bushfires 0.002 0.20 1.00 
Endemic species 0.001 0.40 5.00 
Farmers don’t plant more trees 0.001 0.40 4.50 
Floods 0.001 0.40 6.00 
Migration of other tribes like mossi, fulanis to this place 0.001 0.20 3.00 
Crops needs alot of watering & buying from agric officers 0.001 0.20 4.00 
Disappear when people step on it 0.001 0.20 7.00 
People from town come to cut a lot of forage resources 0.000 0.40 11.00 
Crop rotation 0.000 0.20 12.00 
Absence of horses 0.000 0.20 4.00 
Tubers are difficult to handle but dont need alot of sun 0.000 0.20 5.00 
Animals feed on them much 0.000 0.20 6.00 
Plant diseases-"kongsi" (leprocy) 0.000 0.20 7.00 
Non-development of science 0.000 0.20 4.00 
Hunger and need to earn money 0.000 0.20 8.00 
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Appendix 12: Local conservation measures suggested by sampled agro-pastoralists in 
the study region. 
Local conservation measures CSI Frequency (%) Average Rank 
Stop bushfires 0.291 32.40 1.30 
Stop cutting of trees 0.195 32.20 1.89 
Afforestation 0.169 19.60 1.40 
Government intervention 0.103 12.00 1.37 
God's intervention 0.084 9.00 1.21 
No idea 0.070 7.00 1.03 
More rainfall 0.062 6.50 1.09 
Maintenance of farmlands 0.058 6.30 1.21 
Application of chemical fertilizer 0.050 6.90 1.75 
Irrigation 0.026 3.20 1.59 
Growing more crops 0.025 3.00 1.56 
public education 0.022 3.20 1.88 
Stop/moderate use of weedicides 0.019 2.50 1.54 
Early bushfires 0.016 3.00 2.56 
Fallow management/shifting cultivation 0.013 2.10 2.18 
Decrease the number of animals by selling some 0.013 1.90 2.00 
People should obey customs in the village 0.012 1.50 1.38 
Application of organic manure 0.012 1.50 1.75 
Proper storage of crop residues 0.012 1.30 1.14 
Establishment of watchdog committees to fight bushfires 0.010 1.50 2.13 
Balance between grazingland and cropland proportions 0.008 1.00 1.40 
Crop rotational farming 0.008 0.80 1.00 
Tithering of livestock in farming season 0.007 0.80 1.25 
Destruction by elephants 0.005 1.00 2.20 
Prunning the trees 0.005 0.60 1.33 
Stop overgrazing of some grasses 0.004 0.60 1.67 
Stop fulanis from migrating to our village with many cows 0.004 0.60 2.33 
No solution for natural forage but for 'artificial' forage 0.004 0.40 1.00 
Community assistance 0.002 0.40 2.00 
Change of scattered housing setup 0.002 0.20 1.00 
No clear regulation on use of lands for grazing 0.002 0.20 1.00 
Chiefs intervention 0.002 0.20 1.00 
Early sowing of crops 0.002 0.20 1.00 
Praying for more money 0.002 0.20 1.00 
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Stop compound farming 0.001 0.20 3.00 
Animals should be allowed to feed on grasses 0.001 0.20 2.00 
Migration of strangers 0.001 0.20 3.00 
Funeral performance should not be delayed 0.001 0.20 2.00 
Protection of grasses and trees for livestock 0.001 0.20 2.00 
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Appendix 13: Summary of family richness obtained from the ethnobotanical interviews 
conducted in the research region. 
No Family name Species richness Percentage 
1 Poaceae 37 19.07 
2 Fabaceae 34 17.53 
3 Malvaceae 11 5.67 
4 Combretaceae 8 4.12 
5 Rubiaceae 8 4.12 
6 Cyperaceae 7 3.61 
7 Euphorbiaceae 7 3.61 
8 Moraceae 6 3.09 
9 Amaranthaceae 5 2.58 
10 Anacardiaceae 5 2.58 
11 Asteraceae 4 2.06 
12 Capparaceae 4 2.06 
13 Meliaceae 4 2.06 
14 Bombacaceae 3 1.55 
15 Lamiaceae 3 1.55 
16 Rutaceae 3 1.55 
17 Solanaceae 3 1.55 
18 Commelinaceae 2 1.03 
19 Convolvulaceae 2 1.03 
20 Cucurbitaceae 2 1.03 
21 Musaceae 2 1.03 
22 Pedaliaceae 2 1.03 
23 Sterculiaceae 2 1.03 
24 Verbenaceae 2 1.03 
25 Acanthaceae 1 0.52 
26 Aizoaceae 1 0.52 
27 Annonaceae 1 0.52 
28 Apocynaceae 1 0.52 
29 Arecaceae 1 0.52 
30 Asclepiadaceae 1 0.52 
31 Balanitaceae 1 0.52 
32 Bignoniaceae 1 0.52 
33 Cannabaceae 1 0.52 
34 Caricaceae 1 0.52 
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35 Celastraceae 1 0.52 
36 Dioscoceaceae 1 0.52 
37 Ebenaceae 1 0.52 
38 Icacinaceae 1 0.52 
39 Loganiaceae 1 0.52 
40 Loranthaceae 1 0.52 
41 Lythraceae 1 0.52 
42 Moringaceae 1 0.52 
43 Myrtaceae 1 0.52 
44 Nyctaginaceae  1 0.52 
45 Olacaceae 1 0.52 
46 Opiliaceae 1 0.52 
47 Polygalaceae 1 0.52 
48 Rhamnaceae 1 0.52 
49 Sapindaceae 1 0.52 
50 Sapotaceae 1 0.52 
51 Scrophulariaceae 1 0.52 
52 Simaroubaceae 1 0.52 
  Total  194 100.00 
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